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INTRODUCTORY  NOTE. 


This  small  Pnl)lication  was  intended  orig-iiially,  simply  to  <>-ive  in  detail  the 
authority  for  the  values  of  longitude  and  latitude  in  use  at  the  Observator3^  But 
the  generous  founder  of  the  Obsei'vatory,  Miss  Berenice  Morrison,  having 
signified  her  willingness  to  bear  the  expense  of  a  larger  Publication,  the  Director 
has  gone  over  the  obsei'ving  books,  and  selected  such  observations  and  notes,  in 
addition,  as  most  probably  may  be  of  some  use  to  astronomers,  while  it  may  afford 
popular  information  to  genei'al  I'eaders.  Hoping  that  the  labor  bestowed  upon 
it  may  not  I)e  entirely  in  vain,  he  hmnl)ly  submits  it  to  the  Public. 

C.   AV.   PRITCIIETT, 

Director. 
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ERRATA 


[TuE  put)licatiou  of  this  woi'k  at  so  great  a  distance  from  home,  lias  deprived  me  of  the  oppor- 
tunitv  of  a  second  revision,  before  the  sheets  were  printed.  I  regret  to  find  some  errors  still 
uncorrected.     These  I  shall  indicate  below. — c.  w.  r.  ] 

Pagk  2.  Line  9  from  bottom,  for  Township  iC.  read  Tuinit^hij'  01 .;  auil  in  line  2  from  liottoni,  for  Andrian,  read 
Aiidrahi. 

r.\GK  11.     Line  S  from  bottom,  for  moveable,  read  Movable. 

Page  19.     Last  lino,  under  v,  for  0.2S,  read  0.08. 

PaCtE  23.     Line  4  from  top,  for  r^  Urs.  Miu.,  read  '',  I'rs.  Maj.  ;  also,  in  line  9  from  top,  column  10,  for  39.67,  read 

39.76;  also,  in  line  17  from  top,  column  G,  for  0.248,  read  0.22S ;  also,  in  line  27  from  bottom,  column 

.5,  for  0.271,  read  0.274 ;  also,  under  June  19,  between  a  Bootis  and  5  Urs.  Min.  the  observation  of 

i7  Bootis  was  omitted.     The  numbers  of  the  observation  in  their  respective  columns  stand  as  follows  : 

June  19  1  .V  Bootis  |  9  |  U  22  5.13  J  — 0.U3  |  0.G08  |  0.000  |  0.46  |  5.59  |  9.77  |  —55.82  |  —0.01 

Pagk  30.  Following  line  13  from  top,  the  following  foot-note  was  omitted  :  "  We.  Keve  first  led  to  investigate  this  error 
from  the  discrepancy  which  became  manifest  thronejh  u  comparison  xcith  some  tcork  of  the  U.  S.  Eii'jinecrs 
of  the  Missouri  Biver  Commission." 

Page  31.     Line  13  from  bottom,  for  Attached  Thermometer  =  T,  read  =  T„  ;  and  Ext.  Ther.  =  7",  read  =  T^  . 

Page  34.     Observation  of  a  Lyra?,  coluran  s,  for  0°  32'  54".4G,  read  0=  32'  .54".  76. 

Page  44.     No.  171,  for  2.29  read  (in  coluran  s),  2.29  (?). 

Page  46.     No.  225,  for  L.I.,  read  L.L. 

Page  47.     lu  lines  8,  9.  10  from  bottom,  for  .2",  .4",  .3",  read  respectively  0".2,  0".4,  0".3. 

Page  58.  Special  phenomena  for  November,  1882,  for  herald,  read  heralded:  also,  special  phenomena  for  May,  1883, 
for  Tornado  conditions  indicated,  read  Tornado  conditions  indicated,  in  advance,  by  barometer ;  also, 
special  phenomena  for  Jamiary,  1884,  for  Ther.  28°,  read   Ther.  28°  negative. 

Page  59.     In  column  B  for  1884-85,  for  292.87,  read  29.287. 

Page  90.     Under  Oct.  9,  column- Phase,  for  half  on,  read  half  off. 

Page  95.     Line  13  from  top,  for  cengitur,  read  cinyitur. 

P^GE  100.  Line  9  from  top,  for  difference,  read  differences. 

Page  103.  In  the  naked  eye  view  of  Comet  Cruls,  on  opposite  page,  for  a  Lyr;e,  read  a  Hydra'. 


FOlJNDINIi  OF  MORRISON  OBSERVATORY, 


HISTORIC   OL'TLINE. 


The  private  studies  of  Mr.  C  W.  Pritciikxt  furnished  the  original  imi)ulse 
to  the  founding-  of  the  MoKKisox  Observatory.  These  studies  were  eontinued 
for  many  years  undei-  gi'eat  disadvantages,  and  under  the  pressure  of  constant 
teaching.  They  served,  however,  on  his  part,  to  awaken  a  strong  desire  to  he- 
come  connected  with  a  creditable  astronomical  observatory  in  Central  Missouri. 
A  knowledge  of  these  facts  gained  the  sympathy  and  aid  of  generous  friends. 

As  early  as  1858-50,  Mr.  Pritchett  obtained  release  for  a  year,  from  his  duties 
as  Professor  of  Mathematics  and  Astronomy  in  Central  College,  Fayette,  Missoim. 
The  greater  part  of  that  year  was  spent  at  Cambridge,  Massachusetts,  in  connec- 
tion with  the  Observatory  of  Harvard  College,  then  under  the  directorship  of  Mr. 
"William  C.  Bond,  assisted  by  his  son,  George  P.  Bond.  During  this  residence, 
he  formed  the  acquaintance  of  several  gentlemen,  whose  counsels  and  instructions 
have  been  to  him  of  life-long  value.  Among  these  were  the  Bonds,  Prof.  Benja- 
min Peirce,  Pi'of.  Jos.  Winlock,  Prof.  jno.  D.  Runkle  and  Prof.  Asaph  Hall,  the 
last  then  assistant  at  the  Harvard  College  Observatory. 

Soon  after  his  return  to  Missoiu'i,  initial  steps  were  taken  for  a  small  Observa- 
tory, in  connection  with  Central  College;  but  these  plans  were  frustrated  by  the 
civil  war  and  consequent  changes.  After  moving  to  Glasgow,  in  18(3(5,  and  the 
founding  of  Pi-itchett  School  Institute,  the  plan  of  an  Observatory  was  renewed, 
and  Avas  warmly  seconded  by  his  friend.  Rev.  James  O.  Swinney,  whose  enter- 
prise and  libei-ality  had  founded  the  Institute.  Steps  were  taken  for  an  Oljserva- 
tory  on  the  Institute  grounds,  and  an  eight-inch  equatorial  was  ordered  and 
actually  finished  by  the  Clarks.  Materials  were  collected  on  the  grounds  for  the 
piers  and  Ijuilding,  and  a  contract  was  partially  made  Avith  Pistor  &  Martins, 
Berlin,  for  a  meridian  circle.  At  this  juncture,  unforeseen  difficulties  again 
occurred;  and  with  much  chagrin  the  Observatory  was  allowed  to  sink  into  for- 
getfulness. 


1'  PrHLICATIOXS    OF    MOKIilSON     ( )l?SKKVAT()i;  V. 

At  K-niitli,  in  1S74.  riK-()Ui';ii;i.'(l  bv  licr  1<ii()mii  svinpiitliy  with  his  plans  and 
stnilii'>.  ^Fr.  Pritrlu'tt  uKuh"  applic-ation  lor  aid.  hv  letter,  to  Miss  Behknice  Momu- 
SON.  then  iH'>idin;i\  tenipofarily.  at  1  lanovei',  (iennanv.  In  this  letter  lie  detailed 
his  plan  lor  a  modest  Ohservatofv  competent  lor  seientilie  work.  It  eonti'mplated 
an  astronomer  in  eharue  with  an  ;'innnal  salai-v  of  S-!.<'()0,  an  assistant  at  .^l.COO, 
and  .'?.")00  lor  other  expenses.  To  his  i;reat  j()y.  Miss  Morrison,  by  letter  dated 
October  24.  1S74.  anthorized  the  s|)eedy  bnildinii'  Ji'id  ef[nipment  of  the  Obsevva- 
torv.  leaving-  the  eonstrnetion  ol'the  building',  and  oiitlit  of  instruments,  entirely  in 
the  hands  ol'Mr.  Priteliett,  subject  to  the  direction  and  control  ol"  her  Ici^al  rt'])re- 
sentative.  "S\\\  James  O.  Swinney.  A  »i,vnerons  and  maidy  letter  from  Mr.  Swinney 
accompanied  the  letter  of  Miss  Morrison,  and  made  le^al  jirovision  for  the  begin- 
ning of  tlu>  Avork.  Aocording-ly,  early  in  the  spring  of  1875,  a  very  desh'able  site 
was  selected  and  secured  for  the  Observatory.  Plans  and  specifications  for  a  ])lain, 
but  suitable  building.  AVi're  drawn  l)y  Mr.  Albert  Stevens,  Architect,  Cambridge, 
!Mass.  They  were  minutely  inspected  and  fully  ap])roved  1)V  Prof.  Joseph  Win- 
lock,  Director  of  Harvard  College  Observatory.  Also,  in  March,  1875,  a  contract 
was  made  with  Alvan  Clark  &  Sons,  Cambridgeport,  Mass.,  for  an  equatorial  instru- 
ment of  large  aiierture,  to  be  ready  by  January,  187(i.  In  June,  1875,  a  contract 
was  also  made  with  Troughton  «&  Simms,  London,  for  a  meridian  circle,  to  be 
finished  in  eighteen  months.  At  the  same  time  a  contract  Avas  made  with  Charles 
Frodsham.  London,  for  a  sidereal  clock. 

In  July,  1875,  work  Avas  begun  on  the  building,  the  execution  of  the  jdans  and 
si)ecitications  being  under  the  charge  of  Mr.  A.  R.  Johnson,  of  Glasgow,  Mo.  In 
December  following  the  work  was  so  far  completed  as  to  allow  the  mounting  of 
the  equatorial  telescope. 

OBSEKVATOliY    SITE. 

The  Observatory  is  located  on  a  lot  of  ground  of  two  and  one-half  acres, 
donated  !}}•  John  F.  Lewis  and  H.  Clay  Cockerill.  The  lot  is  within  the  limits  of 
the  S.  E.  quarter  of  Section  9,  Township  4G,  Kange  17,  W.  of  the  fifth  ])rinci- 
pal  meridian  of  the  L^.  S.  Surveys.  The  south  front  of  the  building  stands  two 
hundred  and  thirty  feet  north  of  the  east  and  wt'St  line,  between  Sections  9  and  16. 
The  situation  is  high,  and  commands  the  horizon  in  every  direction.  Two  separate 
determinations  have  been  made  of  its  altitude  above  the  sea  level.  The  first  Avas 
furnished  in  1878,  by  II.  AV.  Parkhiust,  Division  Engineer  on  the  Chicago  and 
Alton  Kailroad.  It  de])ends  on  the  series  of  levels  on  the  Wabash  and  Pacific 
Railroad  fr()m  St.  Louis  to  Mexico,  in  Andrian  County;  and  on  the  leA'els  on  the 
Chicago  and  Alton,  from  Mexico  to  ClasgoAV.     By  this  determination,  the  stone 
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sill  of  tlu'  soutli  door  of"  tlu'  i-fjuatorial  room,  is  ;)27.20  feet  aljove  the  St.  Louis 
City  Directrix.  Tlu-  second  detenniiiation  was  made  Xov.  24,  1884,  liy  level  party 
tinder  Capt.  D.  W.  AVellman,  U.  S.  Assistant  Engineer.  Two  independent  lines 
of  level  Avere  run  from  bench-mark  V  at  the  Glasgow  railroad  Ijridge.  The  results 
gave  332.004  feet  above  the  St.  Louis  City  Directrix.  Talcing  the  altitude  of  the 
St.  Lotiis  City  Directrix,  412.71  feet,  the  last  determination  gives  the  altitude  of 
upper  surface  of  stone  sill  of  equatorial  room,  744.72  feet  above  sea  level. 

GEXEUAL  ACCOUXT  OF  THE  BUILDING. 

The  entire  front  on  the  south  is  65  feet.  The  eastern  tower,  for  the  equa- 
torial, is  of  bi'ick,  and  is  24  X  24  feet.  Its  walls  are  very  thick,  and  below  the 
surface  the  masonry  is  grouted  with  hydraulic  cement,  giving  the  foundations 
almost  the  solidity  of  unbroken  stone.  These  walls  extend  8  feet  below  the  general 
surface.  The  inner  surface  of  the  walls  is  cii'cular,  thus  causing  near  the  corners 
great  increase  in  thickness,  and  attbi'ding  buttresses  for  the  arches  over  each  corner 
at  the  tO}).  This  arrangement  gives  at  the  corners  circular  recesses,  in  the  observ- 
ing room,  which  are  of  great  practical  use.  The  circular  wall  at  the  top  is  sur- 
mounted by  a  ring  of  dressed  limestone,  10  inches  wide,  by  8  inches  thick,  laid  in 
cement,  and  the  sejjarate  l)Iocks  firmly  tied  togetlier  l)y  iron  clasps  emiiedded  in 
the  rock  with  molten  lead.  On  this  stone  ring  is  laid  the  first  set  of  grooved  iron 
plates,  8  inches  wide,  and  H  inches  thick.  Another  set  of  plates,  symmetrical  with 
the  first,  is  firmly  l)oltcd  to  the  lower  sill  of  the  dome,  and  l)etween  these  ])lates  at 
equal  intervals  six  sj^herical  balls  of  gun-metal,  7  inches  in  diameter,  are  placed, 
thus  su])iJorting  the  dome,  and  affording  facility  for  turning  it  round.  The  tower 
is  surmounted  l\v  a  hemispherical  dome  21  feet  10  inches  in  diameter  on  the  inside. 
The  entii-e  dome  and  shutters  were  framed  at  Cambridge,  Mass..  under  the  direc- 
tion of  Mr.  Albert  Stevens.  The  circular  rafters  are  of  pine,  6  x  3  inches,  their 
feet  standing  two  feet  apail  on  the  sill.  The  inside  of  rafters  is  ceiled  with  smooth 
boards  and  painted.  On  the  outside  of  rafters  there  is  a  ceiling  of  smooth  pine 
boards,  on  which  are  placed  the  tin  plates  which  foi-m  the  roof.  The  shutters  are 
<-overed  with  copper  plates,  are  2^  feet  wide,  and  are  in  four  sections.  The  two 
lower  sections  are  hung  with  weights,  and  are  raised  or  lowered  from  the  floor  by 
a  rod  of  suitable  construction.  The  tAvo  upper  sections  are  raised  and  lowered 
by  two  pairs  of  endless  chains,  whose  sei^arate  joints  pass  over  toothed  wheels, 
and  are  turned  by  a  crank.  The  entii-e  dome  is  readily  revolved  on  the  balls  at 
its  base  by  a  gearing  of  wheelwork,  acting  on  cogs  projecting  from  the  sill  of  the 
dome.     The  shaft  carrying  the  geanng  of  wheels,  and  capstan  for  turning,  all  fit 
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into  (iiu-  t>t  tlu'  Mirlu'il  i-i-ccsscs  (if  tlu'  oIisitn  ini;'  room,  Jind  nri'  rntii\'lv  out  of  the 
wav.  riu'  cntiiv  iron  work  lor  the  doiiu'  was  constructed  In  (J.  W.  &  V.  Suiitli, 
-iOlt  Federal  Street.  Boston.  .Vs  the  dome  and  f>luitters  and  the  manner  of  work- 
inj>- them  are  a  duplication  of  those  at  the  Harvard  ('ollej>-e  Observatory,  deline- 
ations of  tlu'm  may  l)c  si'cn  iu  N'ol.  I.,  Annals  of  llar\ard  ( "oiit'^'e  ( )])sc'r\ator3', 
Figures  -i,  ."),  (),  S. 

West  of  the  e([natorial  rooms  and  connected  with  them,  is  a  stronji"  Irame 
buildinsi".  It  consists  of  two  main  rooms,  \vitji  a  sliort  hall  between  them,  tin-ongh 
■which  is  the  south  entrance  to  both  rooms.  The  east  room  is  the  transit  circle 
room.  Its  o-eiieral  dimensions  ai-c  18  X  22  feet;  but  throng-h  the  center  of  the 
alcoves  it  is  o()  feet  in  Icnuth.  Under  botli  tlic  transit  and  ecjuatorial  rooms  is  a 
basement.  The  west  room  is  the  computing-  and  library  i-oom;  and  is  the  only  one 
in  the  building-  where  a  fire  is  kindled  at  any  time.  The  distance  from  floor  to  ceil- 
ing in  these  rooms  is  10  feet.  The  rool'  is  covered  with  tin.  The  sluitters  of  the 
ti-ansit  circle  room  are  in  foin-  sections.  They  are  21  feet  wide,  and  are  raised  and 
lowered  from  the  floor  by  I'opes  passing  over  pulleys  on  the  roof.  These  ropes  are 
worked  by  cai)stan-wheels.  By  means  of  hinged  shutters,  the  slits  are  continued 
downi  the  sides  of  the  building  to  the  level  of  the  instruments.  These  hinged 
shutters  are  A'ery  useful  in  obtaining  collimation  by  day-light.  In  the  lil)rary  room 
are  i)ermancnt  cases  for  liooks  and  i)aj)ers,  a  closet  for  the  chi'onograph,  and  stands 
for  telegrapliic  instruments. 

riKRS   FOH   TUK   INSTRUMENTS. 

These  ari'  all  built  of  l)i'ick,  and  entii'ely  insulated  i'rom  the  building  and  floors. 

The  EqiKdorial  Pier.  This  massive  structure  has  its  base  10  feet  below  the 
surface.  At  the  foundation  it  is  111  X  111  feet.  Foi-  the  first  4:  feet  it  is  solid, 
being  grouted  with  hydi-auiic  cement.  It  is  then  carried  up  with  gradually  taper- 
ing doul)le  walls,  tied  together  by  intersecting  walls,  thus  passing  through  both 
floors  to  the  level  of  the  observing  floor.  The  top  is  finished  with  an  arch,  over 
which  is  a  level  base  ibr  the  suppoi'ting  shaft  of  the  instrument.  This  shaft  is 
constructed  of  Milwaukee  brick,  is  7  feet  high,  and  at  the  base  is  1^  x  3  leet;  at 
top  it  is  3^  X  1  foot  ;  on  it  rests  a  solid  block  of  limestone,  which  is  firmly  fastened 
to  the  shaft,  not  onh'  by  the  adhesion  of  cenient,  but  l)y  iron  bolts  anchored  far 
into  the  masonry  of  the  shall.  On  this  stone  rests  the  iron  stand,  which  Alvan 
Clark  &  Sons  employ  in  mounting  their  equatorials. 

The  Transit  Circle  Pier.  This  j)ier  stands  in  the  eenter  of  basement  of 
transit  cii-cle  room.     At  the  base  it  is  9  x  51  feet,  and  at  top  it  is  surmounted  by 
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into  oiu'  of  tlu'  aix-lu'tl  nn-i'sst's  ol"  tlu>  ohscrvinti"  I'ooni,  nnd  air  t'litiivly  out  of  tlie 
way.  Tlu'  I'litirc  iron  work  f'oi-  tlu'  doiiK'  was  c-onstructcd  by  (i.  W.  &  F.  Sinitli, 
■iOit  Federal  Street.  Boston.  .Vs  the  dome  and  shutters  and  tlie  manner  of  work- 
ing them  are  a  duplieation  of  tliose  at  the  Harvard  College  ()l)servatory,  deline- 
ations ot"  them  may  be  seen  in  Vol.  1.,  .\nnals  of  IIar\ai(l  Colk'ge  Observatory, 
Figures  4,  ."),  0,  8. 

AVest  of  the  eipiatorial  rooms  and  eonnected  with  them,  is  a  strong  frame 
Iniilding.  It  consists  df  two  main  rooms,  with  a  short  hall  Itetween  tlnMU,  thi-ough 
which  i.s  the  south  entrance  to  both  rooms.  The  east  room  is  the  transit  circle 
room.  Its  general  dimensions  are  18  X  22  feet;  but  thi-ough  the  center  of  the 
alcoves  it  is  36  feet  in  length.  Under  both  the  transit  and  equatoi-ial  rooms  is  a 
l)asement.  The  west  room  is  the  computing  and  librai-y  room;  and  is  the  only  one 
in  the  building  where  a  hre  is  kindled  at  any  time.  The  distance  from  floor  to  ceil- 
ing in  these  rooms  is  10  feet.  The  roof  is  covered  witli  tin.  The  shutters  of  the 
transit  circle  room  are  in  four  sections.  They  are  2y  feet  wide,  and  are  raised  and 
lowered  from  the  floor  by  ropes  passing  over  jiullej^s  on  the  roof.  These  ropes  are 
worked  by  capstan-whei'ls.  By  means  of  hinged  shutters,  the  slits  ai-e  continued 
down  the  sides  of  the  building  to  the  level  of  the  instriunents.  These  hinged 
shutters  are  very  iiseful  in  obtaining  collimation  by  day-light.  In  the  library  room 
are  pei'uianent  cases  for  l)ooks  and  pa])crs,  a  closet  for  the  chronograi)h.  and  stands 
for  telegrajdiic  instruments. 

rii:R8    FOR    THE    IXSTRUMESTS. 

The.se  are  all  built  of  bi-ick.  and  entirely  insulated  from  the  biulding  and  floors. 

The  Eqn(dorl(d  Pi(n\  This  massive  structure  has  its  base  10  feet  below  the 
surface.  At  the  foundation  it  is  Hi  X  Hi  feet.  For  the  first  4  feet  it  is  solid, 
being  grouted  with  hydraulic  cement.  It  is  then  carried  u|»  with  gradually  taper- 
ing double  Avails,  tied  together  hy  intersecting  Avails,  thus  passing  through  both 
floors  to  the  level  of  the  observing  floor.  The  top  is  finished  Avith  an  arch,  oAer 
Avhich  is  a  IcacI  base  for  the  supporting  shaft  of  the  insti'ument.  This  shaft  is 
constructed  of  Milwaukee  brick,  is  7  feet  high,  and  at  the  base  is  4f  x  3  feet;  at 
top  it  is  3^  xl  foot  ;  on  it  rests  a  solid  block  of  limestone,  Avhich  is  firmly  fastened 
to  the  shaft,  not  only  In*  the  adhesion  of  cement,  but  by  iron  bolts  anchored  far 
into  the  masonry  of  the  shaft.  On  this  stone  rests  the  iron  stand,  Avhich  Alvan 
Clark  &  Sons  employ  in  mounting  their  equatorials. 

The  Transit  Circle  Pier.  This  pier  stands  in  the  center  of  l)asement  of 
transit  circle  room.     At  the  base  it  is  9  x  a\  feet,  and  at  toj)  it  is  surmounted  by 
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very  hejny  blocks  of  solid  limestone,  Avhieh  sustain  the  iron  colnnins  on  which  the 
transit  circle  rests.  The  masonry  is  grouted  throughout,  so  that  it  is  really  a 
solid  mass. 

The  Clod-  Pirr.  This  i)ier  is  4^  X  -4^  feet  at  the  base,  in  the  l^asement  of 
transit  I'oom.  Just  In-low  the  level  of  transit  room  floor,  there  is  firmly  planted  in 
this  pier  a  solid  stone  slab,  wt'igliing  l.lOO  pounds,  to  wliich  the  standard  sidereal 
clock  is  attached. 

The  CoUlmator  Piers.  The  alcoyc-s  of  the  transit  circle  room  were  con- 
structed solely  to  receiye  these  piers.  They  are  solid  structures,  extending 
through  the  floor  of  the  transit  room,  and  are  each  surmounted  h\  solid  blocks  of 
limestone,  on  which  rest  the  iron  plates  carfying  the  Y's  of  the  collimators. 

Beside  the  pier  for  the  clu'onograph,  there  are  tAvo  piers  (one  on  each 
side  of  the  transit  pier),  supporting  a  broad,  smooth  stone,  and  insulating  it 
from  the  floor.  This  stone  is  ada])ted  to  a  mercury  can-iage  for  reflection  obser- 
vations. 


THE    INSTRUMENTS. 

Tlie  Eqiiatorlal.  The  equatorial  refracting  telescope,  by  Alvan  Clark  & 
Sons,  has  an  aperture  of  V2\  inciies,  and  a  focal  length  of  17  feet.  The  tube  is 
of  steel,  and  is  mounted  on  an  iron  stand  which  sujjports  the  axles  in  the  usual 
manner  of  the  Clark  telescopes.  The  declination  circle  is  20  inches  in  diameter,  is 
graduated  to  15  of  arc,  and  is  read  by  verniers  to  1.5  .  The  hour  circle  is  15 
inches  in  diameter,  is  graduated  to  single  minutes  of  time,  and  is  read  by  the 
verniers  to  single  seconds.  Attached  to  the  polar  axle  is  a  sector  of  brass,  the 
rim  of  which  carries  a  flexilile  strip,  also  of  brass.  This  strip  coils  round  a  drum, 
whose  supporting  jjivots  are  firmly  attached  to  the  iron  stand  of  the  instrument. 
By  means  of  the  brass  strip  the  action  of  the  driving  clock  is  communicated  to  the 
polar  axle  by  simply  claini)ing  the  sector  on  the  axle.  A  horizontal  endless  screAV, 
set  in  motion  by  the  clock-work,  fits  into  oblique  notches  in  the  rim  of  a  wheel 
attached  to  the  drum,  and  thus  sets  the  drum  in  motion.  The  action  of  the  Aveight, 
on  the  train  of  Avheels  in  the  driving  clock,  is  regulated  b}'  a  very  simple  form  of 
conical  pendidum. 

The  finder  of  the  telescoijc  has  an  aperture  of  3  inches,  and  a  focal  length  of 
50  inches.  The  amplif}  ing  power  generally  emploA'ed  with  the  finder  is  about  20 
diameters.  The  clamp  handle,  for  the  declination  axle,  and  the  slow  motion  screw, 
are  both  in  easy  reach  of  the  observer  at  the  eye-end  of  the  instrument.     There  is 
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a  tail-p'u'ci'  scrt-wiiii;-  into   llir  lul)i\  wliicli   is  sjK'fiiilly  a(la])to(l  to  tlic   list-  of  tlie 
no<i:ativc'  I'vi'-picci-s.     Tlu'st'.  in  \\\v  oidrr  oi"  niagnifyiiig  jjowoi',  mv  — 

^V     ol"  ina^niiyinu'  power,  .  .  .  ;")() 

B       "  "  "  ...  l.-.O 

('  "  "  "  .           .           .  27.-; 

I)  ••  "  "  .             .             .  .")()() 

E  "  "  "  ...  800 

F  "  "  "  ...  1200 

HuM-f  is  also  provided  for  lu-gativt'  fyt'-picci's  a  total  reflecting  ]>risni.  Cor  tlic 
convenient  observation  of  stars  near  tlie  zenith;  also  a  single  reflecting  j)risni,  and 
a  variety  of  shades  for  observing  the  sun,  are  iurnished. 

The  j)ositive  or  micrometer  eye-pieces,  are  — 

A  of  magnifying  i)ower,          .             .             .  .'jlO 

B  "          '•               "              .            .            .  175 

C  "          "               "              ...  27."; 

D  "          "               "              ...  450 

E  (periscopic,  by  Gundlach) ,              .              .  600 

F  of  magnifying  power,          .             .             .  800 

T'he  instrument  is  provided  with  a  hirge  position-circle  filar  micrometer,  of  the 
pattern  descril)ed  by  Prof.  NcAvcomb  in  the  Washington  observations  for  1873, 
and  I'epeated  with  more  detail  in  the  volume  foi'  1874.  Thf  entire  micrometer  frame 
is  movable  by  a  comparatively  coarse  screw,  parallel  to  the  fine  scivav  of  the  microm- 
eter itself.  There  are  three  fixed  threads,  and  one  tln-ead  movable  by  the  micrometer 
screw.  One  of  the  fixed  threads  is  ])arallel  to  the  niierouieter  screw,  and  serves 
principalh'  to  mark  the  middh'  ol"  the  field  of  view  in  this  dii'ection.  It  is  called 
the  longitudinal  thread.  Of  the  two  fixed  threads  at  right  angles  to  this,  it  is  found 
convenient  in  observation  to  designate  the  one  nearest  the  micrometer  screw  head 
by  the  letter  A,  while  the  more  distant  thi-ead  is  designated  by  the  letter  U.  The 
2)lace  of  ^1  on  the  scale  is  lOG.lOO  revolutions,  while  that  of  7?  is  86.440  revolutions, 
.so  that  the  intei-val  Itetween  tJiem  is  lO^OGO  ^  253  .81,  thi'  value  of  one  revolution 
of  the  micrometer  screw  being  12  .!)1.  The  nuniliei-  of  comj^lete  i-evolutions  of  the 
sci't'W  is  automatically  indicated  on  the  sc-ale  by  an  index  ])oint;  and  the  fraction 
of  a  rev(duti(m  is  read  on  the  screw  head,  which  is  2.8  inches  in  diameter. 

There  are  two  methods  of  illuminating  tlie  threads,  both  effected  by  a  swing- 
ing lam]}.  The  first,  called  field  illumination,  gives  dark  wires  on  a  briglit  field.  It 
is  prefen-ed  wlu-n  the  objects  to  be  measured  are  both  l)i-ight.     The  second,  which 
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gives  l)rioht  wires  on  a  dark  field,  is  always  used  for  faint  and  very  close  objects. 
When  white  light  is  used,  all  the  threads  are  alike  illuminated  ibr  any  position  of 
the  laini).  hut  whei'e  red  light  is  used  (as  generally  occurs),  only  the  threads  in  one 
direction  are  illuminated.  To  illuminate  the  others,  the  thiuible  cari-ying  the  lamp 
nmst  he  revolved  90^  Tn  the  tube  through  which  light  })roceeds  from  the  lamp  to 
the  held,  is  a  revolving  disc,  by  which  Xhc  light  is  regulated. 

Tn  observing  comets  aud  asteroids,  it  is  usual  to  obtain  a  convenient  number 
of  transits  over  the  three  short  threads  (thus  saving  time);  then  revolve  the 
microuieter  90'  and  obtain  a  conveuieut  number  of  bisections  for  ditferences  of  dec- 
lination ;  tlien  again  i-evoive  the  micrometer  90°,  and  obtain  a  series  of  transits 
similar  to  the  iii-st.  Tliis  method  is  alwa3^s  used  when  red  light  is  employed. 
But  when  both  objects  are  sufficiently  bright  to  allow  the  use  of  white  light,  the 
transits  and  bisections  can  l)e  taken  witiiout  revolving  the  micrometer,  and  with- 
out an}^  break  in  the  series. 

The  value  of  a  revolution  of  the  micrometer  screw  lias  been  obtained  from 
several  hundred  transits  of  stars  at  various  declinations  over  the  fixed  threads. 
This  determination  has  been  re})eated  at  different  seasons  of  the  year.  The  value 
12  .91  is  the  mean  of  all  the  determinations.  In  measuring  the  angular  distance 
of  double  stars,  of  satellites  irom  center  of  ])rimary,  etc.,  only  that  i)art  of  the 
screw  is  used  contiguous  to  one  of  the  fixed  threads,  while  in  the  differential 
observations  for  comets  and  planets,  all  the  parts  of  the  screw  are  called  into  requi- 
sition—  the  range  of  the  scale  being  l.jO  revolutions.  AVhether  the  value  of  a 
re\olutiou  of  the  screAV  is  uniform  throughout  its  Avhole  length  has  not  yet  been 
determined  by  jilacing  it  under  the  microscope  of  a  measuring  engine  ;  but  numer- 
ous com])ai-isons  of  measures  made  at  dilferent  pai'ts  of  the  screw  leave  no  dou])t 
of  this  i;niformity.  The  position  circle  is  6.8  inches  in  diameter,  is  graduated  to 
degrees,  and  is  read  by  two  opposite  verniers  to  5  .  It  is  furnished  with  clamp 
and  slow  motion  screw. 

The  cost  of  the  instrument,  in  the  shop,  was  $6,000  in  gold.  It  was  mounted 
in  Decembei-,  187.5,  by  Messrs.  George  and  Alvan  Clark,  Jr.,  of  the  firm  of  Alvan 
Clark  &  Sons.  Since  its  mounting,  it  has  been  emplo^^ed  in  several  fields  of  work, 
so  far  as  opportunity  was  afforded.  Chief  among  them  have  been  observations  of 
double  stars,  observations  of  planets  and  satellites,  occultations  of  stars  and  plan- 
ets, and  observations  of  comets. 

After  using  the  instrmnent  for  nine  years,  Ave  note  tAVO  defects  in  its  mount- 
ing which  Ave  desire  to  see  removed.  One  is  absence  of  facility  for  setting  the 
instrument  and  reading  the  circles  from  the  eye  end.     The  other  Avant  is  a  better 
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iiu'lliod  oT  illiiiiiiiialiiii;-  tlir  tlirr;nl>  lor  Iniiit  ()l)jc'cts.    Tlu'  I'Xirllciit  ()|>tic;il  (iiinlilics 
<)l"tlu'  ohjcrtivc  htiw  lirrii  inovcii  in  lUuiUToiis  iiislancrs. 

T/n  Mirl<iltin  Cirrh-.  'V\\v  transit  cii-clr,  l»y  'I'l'ouulitoii  iV:  Siinins,  London, 
Avas  sont  oviT  in  tlu-  "  l*ailliia."  late  in  tiic  fall  oT  1S7(),  and  was  nionntt'd  on  the 
ti'ansit  |)ii'r  in  Juno.  1877.  Mi-.  (Toor^x'  ( 'lai  k  of  tlu'  lirni  of  Alvan  Clark  &  Sons, 
and  Mr.  W.  F.  (ianlmr.  instrunu'nt  maker  at  tlir  V.  S.  Xa\ai  ()l)st'r\  atory,  both 
c-o-opi-ratini;'  in  the  work.  Tlu'  olijt'ctivi'  is  (i  inches  ai)ertni'e,  and  the  local  length 
77  inches.  The  horizontal  axis  and  ctMilral  cnl)e  ai'c  of  l)rass,  cast  in  a  sin<;le  ])iece, 
the  edii'i's  of  the  cnl)e  ])einii-  '•>  inclu's.  Into  this  axis  are  iii'inly  litted  the  steel 
j)ivots,  o..")  inclies  in  diameter,  and  .■>..">  inches  in  length.  The  distance  hetween  tin- 
centers  of  the  bearing"  8Ui'faces  ol' Y's  is  three  feet  and  nine  inches.  Tln'y  an-  of 
g-un-inetal.  willi  hi'aring  sni'l'aci's  '1\  inches  long,  and  :j  of  an  incli  wide.  The  Y'.s 
are  attaclied  tirndy  to  a  jjolished  metallic  base,  and  have  almost  no  adjustments  for 
azhnuth  or  level.  '^Phis  fact  made  the  work  of  mounting  the  instrument  one  of  ex- 
treme viwv  and  precision.  AVlien  once  coi-rectly  mounted,  it  tends  to  the  gTcater 
stability  of  the  insti'ument.  The  base  of  the  Y's  is  firmly  attached  liy  heavy  screws 
to  a  ])olished  projection  of  the  iron  columns  wdiich  stand  cm  the  cap-stones  of  the 
pier.  These  ])rojections  ai'e  .")  inches  in  heiglit,  and  .'J  inches  in  width,  thus  U-aving- 
a  large  i)art  ol"  l"]ie  npi)er  sni'face  of  the  colunms  for  another  and  important  use. 
The  iron  colunms,  supporting  both  the  Y's  and  the  heavy  axle  of  rotation,  are  5  feet 
and  5  inches  in  heiglit  from  their  base  on  the  stones  to  the  l)ase  of  the  Y's.  Their 
bases  are  widened  out  by  heavy  mouldings,  and  are  32  X  24  inches;  at  the  top  the 
colunms  are  13  x  11  inches,  and  have  a  level  polished  surface,  to  receive  the  heavy 
])lates  carrying-  the  circles  to  which  the  microscopes  are  attached.  At  the  corners 
of  their  leases  are  anchors  (called  lewises),  which  are  let  into  the  rock  and  made 
fast  with  plastei"  of  Paris.  The  counterpoises  for  relieving-  the  pivots  act  on  levers 
passing  thi'ough  the  ii'on  colunms  near  theii-  bases.  These  levers  iiress  upward 
vertical  steel  cylinders  li  inches  in  diameter,  carrying  at  the  U])per  end  ])airs  of 
friction  rollers  8  inches  in  diameter,  and  with  a  bearing  suriact-  of  "]  inch.  The 
wx'ights  and  levers  are  out  of  siglit,  being  hidden  l)y  the  colunms  and  platform. 
The  circles  are  discs  of  brass,  W'ith  strengthening  ribs  on  the  inside,  at  every  30^. 
They  are  2-1  inches  in  diameter,  are  both  gi-aduated  alike  on  a  band  of  silver  to  5', 
and  are  each  read  l)y  four  mi(i-osco])es  to  single  seconds  of  arc.  They  are  so 
momited  on  the  axle  that  they  each  read  zero  Avhen  the  telescope  is  directed  to  the 
south  point  of  the  horizon. 

The  tubes  of  the  microscopes  are  21  inches  in  length,  and  are  supported  at 
two  points  8  inches  apart,  on  ])lates  of  brass,  carrying  the  adjusting-  screws. 
These  plates  are  clamped  on  circular  bands  of  brass,  G  inches  broad,  which  are 
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supported  on  lu'iivv  iron  jjlates.  rcstiiiii"  on  tlu'  ii|)i)fr  siirlac-i'  ol"  the  iron  c-olunuis. 
A  findin<»-  microsc-opr  is  attaclicd  to  tlie  eastern  mici-ost-ope  ciix-le,  for  aecurate 
■SL'ttiiifi-  of  tlu-  circles.  It  is  so  convenient,  tliat,  in  practice,  tlie  finding-  circles  on 
the  sides  are  seldom  used.  The  nncrosco|»es  on  the  Avest  .side  are  marked  A,  B, 
C\  D:  those  on  the  east  side,  F,  G,  //,  /. 

The  cube  has  two  opposite  circulai-  openings,  closed  by  revolving  discs. 
These  openings  are  used  in  connection  with  the  colliniatoi's.  The  clamp  is  at- 
tached to  the  eastern  pier,  and  has  to  l)e  i-emoved  when  the  instrument  is  reversed. 
The  reversing  carriage  runs  from  its  usual  ]>lace  on  a  |)air  (;t'  iron  rails  to  a  turn- 
table fitted  in  the  fioor.  It  is  then  turned  into  position,  and  i-olls  on  another  set  of 
I'ails  to  its  ])ropei-  |)lace  under  the  axis.  By  a  few  turns  of  the  large  screw  of  the 
reverser,  the  instrument  is  gently  lilted  out  of  its  bearings,  and  the  cai-i-iage  is 
rolled  back  upon  the  turn-table,  which  is  again  revolved  180°.  The  carriage  is  then 
rolled  back  lietween  the  piers,  and  the  instrument  lowered  by  the  screw  into  the  Y's. 

Finding  circles  are  placed  near  the  eye-end  of  the  telescope,  and  on  o])posite 
sides  of  the  steel  tul)e.  They  are  7.(j  inches  in  diameter,  and  are  graduated  to  20', 
and  read  by  opposite  verniers  to  80".  Each  circle  is  provided  Avith  a  spirit  level, 
clamp,  and  slow  motion  sci-ew.  AVhen  the  transits  of  stars  succeed  each  other 
very  I'apidly,  ])rovisiou  can  be  made  in  advance  for  three  separate  settings,  by 
means  of  the  tAvo  finding  circles  and  the  finder  of  the  microscope  circles. 

The  right  ascension  micrometer  carries  l.jl  parallel  threads,  all  fixed  relatively 
to  each  other.  They  are  arranged  in  groups  of  5  each.  The  entire  system  of 
threads  is  moved  together  l)y  the  micrometer  screw.  The  gi-oups  in  the  order  of 
the  upi)er  culmination  are  distinguished  l)y  the  letters.  A,  B  and  C,  and  the  num- 
ber of  the  thread  by  luniieral  subsci'i])ts.  It  is  rarely  necessary  to  iise  more  than 
9  of  these  threads,  and  the  equatorial  intei-vals  of  these,  taken  .symmetrically  from 
the  middle  thread,  are  given  in  the  subjoined  table.  These  intervals  have  been  de- 
termined by  a  large  number  of  transits  of  both  equatorial  and  northern  stars. 

When  the  threads  liaA'e  to  be  replaced,  of  course  the  intervals  have  to  be 
redetermined.  The  intervals  of  the  folloAving  table  have  been  in  use  since  the 
instrument  Avas  mounted. 


-1,=  + 24.583 
.1.=+ 20.069 

ii,=-|-  10.007 
i}.,  =-f  5.996 
Bl  =    0.000 
B^=—    6  003 
£5  =  —  10.017 

c\ 

=  —  2o'.'073 
=  —  24.673 

10  PI   lil.U  AIIOXS    OF    MOJIKISOX    t)USKi:VAT«)i; V. 

Tlio  valuo  of  ono  ivvoliitioii  of  llio  ri<>-lil  ascension  niic-i'onu'tor  screw  is 
r'.(>4l2.  It  was  (U'tcnnincil  by  c()in])ai'is()ns  witli  tlic  I'tiuatorial  tlircad  intervals,  as 
nniU'r  tlie  si-i\'\v.  llu'  siicces>i\H'  thi'(.'n(ls  \vi'ix'  iiuide  to  coincide  wilii  a  Nci'lical  colli- 
mator thread,  notiiij;-  the  readini;-  ol"  the  screw  lor  each  thread-coincidence,  and 
rei»eatinu-  the  ])rocess  many  tinn's,  always  takin<i'  care  to  move  the  screw  in  the 
same  direc-tii>n.  The  \aliie  uiveii  results  IVom  all  the  i-ompai-isons  with  all  (he 
tlnvads.  The  heatl  of  the  screw  registers  lioth  the  eiitii-e  revolutions  and  the 
fractional  parts.  As  the  screws  of  both  the  right  ascension  and  zenith  distance 
micrometers  of  this  insti-uniciit  move  tlu' whole  system  of  threads,  the  service  of 
the  right  ascension  micrometer  becomes  more  important  than  that  of  micrometers 
of  a  different  construction.  It  is  used  in  determining,  not  only  the  collimaticm  con- 
stant =  r  and  the  level  constant  =  7>,  but  also  to  set  the  niici-ometer,  so  that  the 
middle  thirad,  U-f  (to  which  all  the  others  are  referred),  may  have  its  collimation 
efjual  to  zero. 

'I"he  \alue  of  one  revolution  of  the  zenith  distance  mici-omcter  is  49".442.  It 
was  determined  from  successive  divisions  of  the  circle,  and  coincidences  of  the 
middle  horizontal  micrometer  thread,  Avith  a  horizontal  collimator  thread,  reading 
the  microscopes  for  each  circle  division,  and  tlie  micrometer  head  for  each  corre- 
sponding coincidence,  repeating  the  ])rocess  many  times,  and  always  moving  the 
screw  in  the  same  direction,  and  taking  the  mean  of  all  the  results.  The  two  side- 
threads  of  the  zenith  distance  micrometer  are  ])laced  about  2\'  from  the  middle 
thread,  and  the  head  of  the  screw  I'cgisters  both  the  entire  I'evolntions  and  the 
fractional  parts. 

llhimination.  At  night  the  threads  are  illuminated  by  the  light  of  a  large  lamp, 
phiced  at  the  distance  of  3^  feet  from  the  end  of  the  pivot.  The  light  is  lirst  con- 
centrated on  the  lens  in  the  i)ivot  b}^  a  lens  jjlaced  near  the  lamp.  On  passing  into 
the  cube  it  falls  on  a  retlecting  ring,  so  ])laced  as  to  direct  it  to  the  reticide  of 
threads.  There  is  also  provision  for  illuminating  the  thi'eads  directly,  without 
brightening  the  field.  There  are  also  tAvo  series  of  prisms  so  disposed  as  to  yivo- 
duce  a  strong  illumination  on  those  ])oints  of  the  circle  within  the  field  of  the 
microscopes.  Two  eye-]jieces,  magnifying  respectively  100  and  170,  are  employed 
in  observing  transits  and  bisections.  A  fine  diagonal  eye-piece  also  accompanies 
the  instrument,  Init  there  is  rarely  an}-  occcasion  to  use  it. 

INSTRUMENTAL   CONSTANTS. 

The  Error  of  Level  is  obtained  by  pointing  the  instrument  towards  the  nadir 
(270°),  upon  an  insulated  basin  of  mercury,  suspended  on  a  frame  by  elastic  cords. 
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Tlu'  iipparatus  is  lu-low  \hv  llooi'.  and  is  usually  covcivd  hv  an  ii'on  lid.  To  couii- 
tenu-t  thf  t'ttc'Ct  of  vibrations,  it  is  found  best  to  have  the  convex  surface  of  the 
basin  neai-ly  si)herical,  and  to  load  the  ineroin-y  Avith  tin  foil.  A  ])latfoi'ni,  readily 
nioved,  is  provided  ibr  this  observation,  to  which  the  obsei'ver  ascends  Ijy  a  flight 
of  steps  to  the  eye-end  of  tiie  insti'unient.  lie  first  replaces  tlie  ordinary  eye-})iece 
by  a  Bohnenberg-er  or  colliniating  eye-piece,  then  sets  the  telescope  accuratel}'  to 
270°.  The  light  of  a  side  lamp,  after  ])assing  through  a  lens,  is  reflected  down  the 
tube,  and  when  the  focus  of  the  eye-piece  and  the  reflector  are  pi-opei-ly  adjusted, 
both  the  thi'eads  of  the  reticule  are  seen  directly,  and  their  images  are  seeu  by 
reflection  fi'om  the  mercury.  11"  no  erroi'  of  level  exists,  each  thread  will  coincide 
with  its  own  reflected  image,  the  collimation  being  zero.  Whatever  deviation  from 
this  may  be,  is  carefully  ascertained  by  the  micrometer.  While  this  method  of  taking 
the  level  has  some  advantages  compared  with  that  l)y  the  hanging  or  striding  level, 
still  it  has  some  disadvantages,  of  which,  in  practice,  the  most  serious  are  the  effects 
ol'  wind  in  produciug  slight  tremor,  or  the  jarring  of  the  surface  ])i-oditced  by  pass- 
ing trains  or  carriages,  or  even  the  tramp  of  a  heavy  animal.  These  disturbing 
efl:ects  are  greatest  when  the  grotnul  is  hard  frozen,  or  when  the  aii-  is  very  dry  and 
cold.  Also,  when  a  number  of  threads  are  visible  in  the  field,  there  is  a  slight 
liability  to  superpose  a  thread,  not  on  its  own  image,  but  on  the  image  of  a  con- 
tiguous thread.  Again,  by  this  method  the  level  must  alwa^'s  ])e  found  in  associ- 
ation Avith  the  collimation.  To  obtain  the  nadir  point,  in  observing  altitudes  or 
zenith  distances,  the  same  pi'ocess  is  employed  as  for  the  level,  only  using  the 
horizontal  threads  and  the  zenith  distance  micrometer. 

T/te  Error  of  Collimation.  For  the  independent  deterniination  of  \his  error, 
the  transit  circle  is  furnished  Avith  tAvo  opposing  collimating  telescopes,  mounted  on 
their  piers,  in  the  alcoves,  at  equal  distances  from  the  transit  circle  axis,  north  and 
south,  and  in  the  plane  of  the  meridian.  The  objectives  of  the  collimators  are  Cl- 
inches in  diameter,  and  haA'e  focal  lengths  of  -li  feet.  The  distances  betAveen  the 
centers  of  the  bearing  surfaces  of  the  Y's  are  3  feet,  10  inches.  In  the  focus  of 
each  collimator  are  fixed  tAvo  close  A^ertical  threads,  about  5".3  apart,  and  one  hori- 
zontal thread.  The  frame  carrpng  these  threads  is  moA'eable  by  the  micrometer 
scrcAV,  and  the  motion  giA'en  to  the  threads  is  indicated  on  the  head  of  the  screw. 
In  determining  the  collimation  constant,  care  is  first  taken  to  adjust  properly  the 
vertical  and  parallel  threads  in  each  collimator.  For  this  purpose  the  transit  circle 
is  pointed  ajjproximately  to  the  nadir.  The  discs  coA^ering  the  openings  in  the  citbe 
are  turned  aside,  and  the  reflecting  ring  is  draAAai  back.  An  observer,  tlien,  by 
means  of  the  scrcAV,  brings  one  of  the  parallel  threads  of  the  south  collimator  to 
the  central  line  betAA^een  the  parallel  threads  of  the  north  collimator,  as  the}'  are 
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soeii  in  the  tii-lil.  Srvcral  iinlrpcndi'iit  rca(liii.<;'s  arc  taken  (or  tliis  tliri'ad  in  this 
l)ositit)n.  Tht'ii  llir  nthcr  parallel  thread  ol'  tlu'  south  eollimator  is  hroiiu-ht  into 
tile  same  imsition.  and  a  like  nimihei-  ol'  readiiiii's  made.  The  mean  of  the  two  si'ts 
of  reatliuii's  ^-ivi's  the  i-eadin^^  of  the  screw-head,  at  which  there  is  ])criect  eoinci- 
(lenee  of  hoth  sets  of  ])arallel  threads.  The  screw  is  turned  in  one  constant 
direction,  to  this  I'cadinu",  and  the  coincidence  tested  by  tlie  eye.  'I'lie  collimators 
are  tlien  readv  lor  u>c.  Tlu'  telescope  of  the  ti-ansit  cii'cle  is  then  directed  to  the 
vertic-al  thi'eads  ol'  the  north  collimator,  and  hy  the  rii;ht  ascension  micrometer 
screw,  thri'ad  li ,  is  hi-onuhl  to  tlie  central  line  hi'twcen  the  paraiU'ls,  as  seen  in  the 
tiehl,  and  several  independi'Ut  readin,us  are  nuuU".  The  instrument  is  then  revolved 
ISO-,  and  pointt'd  on  the  threads  ol'tlie  sontli  eoUimatoi-,  and  a  like  numliei-  ofinde- 
])endent  i-eadin,i;-s  made.  The  mean  ol"  these  sets  of  readings  yives  the  micrometer 
readinji' for  eoUimation  :=  o.  To  this  reading-  tlie  micrometer  is  tlien  set,  so  that 
when  the  li'vel  is  taken,  soon  after,  the  relative  position  of  B .,  and  its  intake  at  onee 
indicates  tlu'  ma_u-nitude  and  sio-n  of  the  level.  With  a  Bohnenberger  eoUimating- 
eve-pieee,  if  the  imagv  of  B,^  (when  set  to  eolliniation  =^  o),  appears  to  the  east  of 
the  thread  itself,  then  the  west  pivot  of  the  transit  circle  is  highest,  and  vice  versa. 

The  Azhinith  Con.^fa/if.  The  usual  mt'thod  of  deducing  the  azimuth  error  is 
bv  means  of  an  approximate  clock  correction,  and  an  observation  on  one  or  more  of 
the  fonr  stars  «,  -5,  }~  Ursce  Muwris,  or  51  Gephei.  Sometimes  the  error  is  deduced 
from  a  pair  of  stars  dilfering  nearly  90°  in  declination,  and  one  of  Avh.ich  is  eireinn- 
polar.  When  great  accuracy  is  important,  tlu'  obser\ations  aiv  thrown  into  tlu' 
form  of  equations,  of  which  the  azimuth  constant  is  one  of  the  unknowns,  and 
the  soluti(')n  is  elfeeteil  by  the  method  of  least  scpiares. 

Error  of  the  Mean  of  Threads.  AVIkmi  the  mean  of  the  times  of  transit  is  taken 
over  threads  synnnetrically  placed,  a  small  correction  is  required  to  reduce  to  the 
middle  thread.  Except  for  stars  very  near  the  pole,  tlu'  correction  is  usually  com- 
bined with  the  diiu-nal  aberi-ation.  AVith  the  present  sysstem  of  threads,  both  cor- 
rections combined  only  amount  to  —  0'.03  foi-  stars  south  of  the  zenith. 

The  ('hroiKxirajih.  The  chronograph  was  c(Mistructed  l)y  Alvan  (Mark  & 
Sons.  Its  b:irrt'l  is  ]i)  inches  in  circumference,  and  15  inches  in  length.  Upon 
a  .sheet  of  papei-  clamped  round  the  cylinder,  the  clock  registers  eveiy  second 
except  the  zero  second.  The  action  of  the  weight,  u])on  the  train  of  wheel  work,  is 
regulated  by  a  conical  pendulum,  like  that  of  the  ecpiatorial  driving  clock.  Latei-al 
motion  is  given  to  the  ])en  carriage  by  the  action  of  a  long-  horizontal  screw,  so  that 
the  pen  traces  on  the  paper  a  continuous  spiral.  The  successive  lengths  of  this 
spiral,  a.s  traced  in  one  revolution,  appear  as  pai-allel  lines  when  the  sheet  is  spread 
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out  on  a  plane.  By  mt'ans  ol"  a  finely  n'raduated  seale.  the  eln-ono_i;i'a|)li  record  is 
rend  to  hundn-dtlis  ol"  a  second  ol"  time.  The  ehronoiira|ili  is  placed  on  its  pier  in 
a  closet  connnunicatinti-  with  the  coniputini;'  room,  so  that  the  ink  may  not  freeze  in 
cold  Avcather. 

SIDEREAL    CLOCK    AXD    CIIKONOMETEK. 

Sidtrcal  Clod-.  The  standard  clock  of  the  Observatory  is  by  Charles  Frod- 
sham.  84  Strand,  London,  and  bears  the  number  ]3(>0.  It  came  over  Avith  the 
transit  circle,  and  was  mounted  at  the  same  time.  The  stone  shaft  to  which  it  is 
attached  is  Wj  feet  in  height,  and  a  cross  section  is  15  X  7  inches.  To  this  shaft 
the  clock  case  is  fii-st  attached  by  a  single  point  of  sup])ort,  and  afterwards  fixed 
in  a  vertical  position  by  tAvo  staying  sci'ews.  The  clock  has  a  break-circuit 
attachment,  similar  to  that  of  a  chronometer.  An  extra  wheel  on  the  main  shaft 
carries  50  teeth,  and  lifts  a  light  spring,  which  breaks  the  circnit  every  second, 
except  the  zero  second.  The  clock  case  is  inclosed  in  a  double  external  case,  made 
ver}'  strong  and  firmly  attached  to  the  floor.  This  serves  to  protect  the  clock 
from  jars,  from  dust  and  moisture,  and  to  a  great  extent  from  extremes  of  temper- 
ature. 

Siihnal  Brral-  Circuit  Chronometer.  The  chronometer,  Xegus  1590,  may  be 
used  on  the  chronograph  like  the  clock.  When  thus  nsed,  it  is  placed  on  a  short 
circuit  of  its  own,  and  the  current  is  supplied  l)y  a  small  Leclanche  cell.  A  spark 
condenser  is  also  employed  to  obviate  the  coi'roding  of  the  contact  points. 

PortohJe  Eqndforitil.  The  Observatory  owns  a  very  nice  equatorial  telescope, 
of  4  inches  aperture,  by  A.  Chn-k  &  Sons.  The  tripod  is  a  heavy  Avalnut  frame, 
and  is  capalile  of  several  adjustments.  Beside  the  equatorial  mounting,  the  cradle 
of  the  telescope  may  be  so  adjusted  as  to  give  the  instrument  an  altitude  and 
azimuth  movement.  As  it  is  furnished  with  a  comet  eye-piece,  it  may  be  used  as 
a  comet  seeker.  Besides  a  terrestrial  eye-piece,  a  solar  eye-piece  and  shades,  and  a 
ring-micrometer  eye-piece,  it  has  a  series  of  powers,  40,  G5,  84,  IGO,  383.  It  is 
furnished  with  a  case  for  ready  and  safe  transportation,  and  is  specially  useful  for 
expeditions  to  observe  transits  or  eclipses.  It  was  loaned  to  the  U.  S.  Yenus- 
Transit  Commission  to  Xew  Zealand,  in  1882;  and  was  nsed  by  Prof.  H.  S. 
Pritchett,  in  observing  the  transit  at  Auckland. 

Altazimuth.  A  very  diminntive  travelers  theodolite,  by  Casella,  London. 
The  circles  are  graduated  to  degrees,  and  read  by  verniers  to  single  minutes.  The 
telescope  is  onl}-  (3  inches  in  length,  and  ^  inch  aperture.     Still  it  has  jlelded  some 
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surprisiiii;- ix'siilts.  ami  was  of  I'xci'liciii  u>.c'   in   llu'   moimtiiiL;'  of  tlu'   lai'uci'  instni- 
nu'iits. 

MINDU    INSTUr.MKNTS. 

IhinDiii'tcr  (iiid  TlniiiKDinhrs.  'V\w  statioiiaiT  nu'i'c-ui-ial  haronu'li'i',  witli 
nttni-lK-d  tbonnometer,  is  liy  -laims  (iri'i'ii  oC  7\cw  York.  It  l)t'ars  tlic  miinbcT 
21(57.  It  is  iiKnintctl  on  a  lioai-d  prcpai-cd  hv  tiu'  niaktT,  liaving-  sujjpurt.s  and 
adjustini;'  and  ciani])  scivws.  It  is  prrniaiK'iitly  lixrd  in  its  vertical  position  against 
a  facing-  of  the  north  window  of  tlic  eastern  i-ooni.  The  aUitude  ol"  the  niercmy 
cistern  above  sea  level  is  750.00  ieet. 

The  External  Thermometer,  Xo.  40^1,  by  James  Green,  is  fixed  the  year 
ronnd  on  the  ontside  frame  of  tlie  noi'tb  window  of  ti'ansit  room,  and  is  sheltered 
from  snn  and  rain  by  the  slat-blinds.  As  thei-e  is  frequent  occasion  to  read  these 
instruments,  not  only  for  the  daily  meteorological  record,  but  for  the  determination 
of  ri'lVaction,  it  is  convenient  to  have  them  so  easily  accessible  from  both  instrn- 
nients. 

Teleciraph  Iiisfniiiicnts.  A  comijlete  set  of  telegra])h  instruments,  with  appa- 
ratus for  sending  time  signals,  is  ])laced  in  the  libraiy  room,  though  the  instruments 
are  not  owned  by  the  ()I)servatory.  They  may  be  used  on  two  ditl'erent  lines  of 
telegraph. 

THE    LIBRARY. 

In  addition  to  the  ])rivate  collection  of  the  Director,  the  Observatory  is  gradu- 
ally acfjuiring  by  piirchase  and  donation  many  works  on  theoretical  and  practical 
astronomy  and  associated  sciences,  which  are  needl'nl  to  one  in  the  line  of  actual 
"work.  All  the  American  observatoi-ies,  which  have  issued  2Jublications,  have  i)laced 
this  01)servatory  on  their  lists,  and  tlu'ir  ])id)lications  are  promptly  received  when 
issued.  This  fiict  is  the  more  gratefully  acknowledged,  as  hitherto  we  have  had  no 
publication  of  our  oAvn  to  olfer  in  retiu'n.  In  this  connection,  special  mention  nuist 
be  made  of  the  United  States  Xaval  Observatory,  the  Observatory  of  Ilarvai'd 
College,  the  Cincinnati  Observatoi'y,  the  AVashbui-n  Observatory,  the  Observatoiy 
of  Hamilton  College,  the  Dudley  Observatory,  the  Dearborne  Observatory,  the 
Allegheny  Oliservatory,  and  the  Lick  Observatoiy.  Of  foi'cign  obserAatories, 
s])ecial  mention  must  bi-  made  of  the  Koyal  01)servatoiy,  Greenwich;  Lord  Craw- 
ford's Observatory,  Dun  Echt;  the  Edinburgh  Obsei'vatory;  the  Dunsiidv  Observa- 
tory; Observatorio  Xacional,  Mexico;  the  Imperial  Observatoiy,  liio  Janeii-o; 
Observatoiy  of  Santiago,  Chili;   and  the  Observatoi-i(j  Xacional,  Argentino.     AVe 
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are  also  luuK-r  ^in'cial  ohliii'ations  to  xhv  Siuithsoiiian  Institution,  Wasliin^'ton.  not 
only  for  soiik'  ot"  its  own  j)ul)lications,  l)iit  for  its  vahiahlt'  agency  in  receiving' 
and  forwarding  l)o<)ks  fj-oni  foreign  countries,  and  thus  promoting"  international 
exc-hange;  also  to  the  office  of  the  American  Ephemeris  and  Nautical  Alnianac, 
under  the  charge  of  Prof.  Xewcoinh;  the  offices  of  the  United  States  Coast  Survey, 
and  of  the  United  States  Signal  Service,  and  to  the  executive  officers  of  the 
Anii'i-ican  Academy  of  Sciences,  and  of  the  British  and  American  Venus-Transit 
Commissions.  The  authors  of  nmnerous  memoirs  and  treatises  on  scientitic  sub- 
jects, especialh"  in  the  United  States,  have  Idndly  remembered  this  Oliservatory. 
Foremost  among  these  contributors,  is  Doctor  C.  H.  F.  Peters,  of  the  Litchfield 
Observatory  of  Hamilton  College.  The  first  scries  (Xo.  1-20)  of  his  valuable 
Cdf'stlal  Charts,  was  received  moi-e  than  two  years  ago. 


INCOME    OF   THE   0I5SEKVAT0RY. 

Of  the  $50,000  given  by  Miss  Beeexice  Morrisox  to  the  Observatory,  there 
remains  unexpended  the  sum  of  $27,000,  which  is  bearing  interest.  The  interest 
accruing  from  this  endoAvment  is,  at  present,  the  sole  resom-ce  for  meeting  current 
expenses  and  supporting  an  Astronomer.  To  say  notliing  of  taxes,  the  claims  for 
insurance  against  both  fij-e  and  storm,  the  expenses  for  repairs  on  grounds,  build- 
ing and  instruments,  the  cost  of  printing,  fuel,  lights,  stationery,  postage,  ex^jress, 
telegraphy,  etc.,  leave  but  a  residuary  income  —  one  which  might  be  inadeqiiate  to 
sustain  a  famih^,  but  for  the  comfortable  residence  on  the  groimds,  which  has  been 
,built  under  a  special  arrangement  Avith  the  Director,  and  the  cost  of  which  Avas 
defrayed  to  a  great  extent,  by  a  fcAV  liberal  citizens  of  Glasgow.  For  the  l)enefit 
of  any  Avho  may  feel  disposed  to  criticise  the  instrumental  equipment,  as  out  of  all 
reasonable  proportion  to  the  endoAvment,  it  is  necessary  to  make  this  brief  ex})la- 
nation.  This  result  Avas  Ijrought  about  by  imfortunate  misunderstanding.  It  Avas 
ncA^er  designed  to  be  so.  The  original  plan  of  the  ObserA^ator}'  contemplated  an 
Astronomer  in  charge,  an  Assistant,  and  proA'ision  for  rumiing  exjienses.  Though 
the  work  of  this  ObserAatorj'  has  been  much  crippled,  and  still  is  crippled,  through 
lack  of  means,  yet  the  privation  is  borne  by  those  AAdio  planned  it,  in  patient  expec- 
tation of  a  better  da}^ 

LEGAL   CONTROL. 

The  legal  control  of  the  Observatory  is  A'ested,  by  the  designation  of  Miss 
MoREisox,  in  a  Board  of  Trustees,  consisting  of  the  same  persons,  aaIio  for  the 
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tiiiu'  iH'iiiii'  iiia\  ('(instilulc  tlu>  corpornte  Ixxly,  know  ;is  llic  "  Ti'iistt't's  of  Tritdirlt 
Si-liool  Iiistitnlr."  lint  tlu'V  ;iit  'I'riisti'i's  oi'  ilu'  Moimmson  ()hski!VAT<)i:'i  ,  iiol  in 
their  clKii'iu-tt.'r  of  'I'rustrcs  ol"  l*i-itclu'H  School  Institute,  hiil  sim|il\  (Voin  the  iact 
of  the  preoccupation  of  that  trust.  It  is  tlieir  (hitv  to  liold  tlie  pi-operty  and  lunils 
of  the  ()hsefvatoi\\ .  oversee  its  interests,  invest  securely  its  funds,  and  a])[)oint  its 
Director,  altowinu'  hiui  to  appoint  such  assistants  as  his  resonrces  uiav  wan-ant. 
The  present  Hoard  of  Trustees  consists  of  the  following  named  jjci'sons, —  Lidce 
V.  Ilaydt'U.  flohn  M.  Iliclvi-rson.  ( u'oi-ge  ii.  Harrison,  James  ().  Swinney,  flames 
W.  Soutliworth.  and  Cai'r  AV.  I'ritchett.  The  conditions  and  limitations  of  the 
trust  are  fully  st't  fortli  in  tlie  "Declaration  of  Ti'ust,"  signed  in  duplicate  by  ]Miss 
MoiiHisox  and  the   Trustets,  on  May  18,  A.D.  1881. 

LONIUTIDI';    OF    Mi;i{ll)IAX    I'll;!;. 

When  our  work  connnenci'd,  in  1876,  the  facilities  available  for  the  accurate 
dctiMinination  of  tlie  h)ngitude  wei'c  meagre.  Of  course  approximations  weri'  fii'st 
in  order.  Tlie  longitude  of  a  point  in  the  city  of  St.  Louis  (now  occupied  by  the 
pier  of  the  transit  instrument  of  "Washington  University),  had  liceii  detei'uiined 
fi-om  the  United  States  Xaval  ()l)servatorv,  in  Api-il,  1870,  l)y  Professors  Ilarkness 
and  Eimlieck.  From  (hita  furnislied  liy  the  Surveyor  of  St.  Louis  County,  I  was 
enabled  to  connect  this  point  Avith  certain  contiguous  points  of  the  L'nited  States 
surveys  of  the  ]m1ilic  lands.  Also  liy  numerous  details  kindly  and  carefully 
furnished  Ironi  the  ollici-  of  Register  of  Lands  at  fJidferson  City,  I  was  enaliled  to 
coniu'ct  these  contiguous  points  with  the  site  of  this  Obsei'vatory.  This  first 
ai)i)ro.\iniation  to  the  lougituiU'  came  out  ()''  11'"  'i7''..~>'2  wi'st  of  (4ivenwich  —  a 
result  suriirisingly  near  the  true  ditference.  as  will  lie  seen  herealter. 

In  the  mean  time,  during  lS7(i-77,  a  luimbei'  of  occultations  of  stars  by  the 
moon  was  observed,  and  wliile  I  was  al)le  in  no  single  instanct'  to  obtain  c-oi-ri's])oud- 
ing  ol)servations  at  any  other  fixed  ol)servatory,  and  tlius  to  I'orm  eipiafions  l)y 
Avhich  the  errors  of  the  elements  could  lie  eliminated,  yt't  ap|)lying  the  cmpii'ical 
corrections  of  Prof.  Xewcomb  to  tin-  moon's  plaei's,  the  mean  of  eleven  (11) 
occultations  gave  as  a  second  aj)proximation  0''  11'"  1()'.8()  west  of  (xreenwich. 

In  the  spring  of  I.S7*.>,  through  an  arrangement  kindly  made  l)y  Prof.  J.  K. 
Eastman,  of  the  United  States  Naval  Observatory,  and  by  the  accommodation  of 
the  officers  ol'  the  AV.  U.  Telegraph  Company,  signals  were  transmitted  in  accord- 
ance with  a  fixed  programme  from  the  ]VI.  T.  clock  of  the  United  States  Xaval 
Observatoi-y,  over  a  continuous  cii-cuit,  on  the  evenings  of  March  24,  25,  26,  27, 
28,  and  were  received   in   the  telegi-aph  ollice,  Glasgow,  Mo.,  and  compared  with 
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sidcri'iil  c-lirdiioiiK'tL'i',  Xi'<;'us  1,190.  This  flii'onoiiu-tcr  liad  ])vvn  i-ixwt'uWy  coiiipaivd 
on  k'aving'  the  Ohsei'vatory  with  the  standard  sidereal  eloek,  Frodsham  l.')(i9.  It  was 
then  firmly,  stayed,  and  carried  by  hAnd  to  tlie  depot  of  the  St.  Louis,  Kansas  City 
&  Northern  H.  K.,  nearly  two  miles  distant.  On  returning'  to  tlu'  Observatory,  the 
chnmonieter  Avas  again  compared  with  the  eloek,  on  each  evening.  The  errors  of 
the  eloek  Aveiv  deduced  each  day  from  well  detei'mined  stars  oljserved  at  meridian 
transit,  the  instrumental  coi-i-ections  having  l)een  carefully  ascertained.  The  mean 
result  for  the  five  evenings,  after  ajjplying  ultimate  corrections,  and  ignoring  the 
wave  and  armature  interval,  was  1*  o""  5'.7-t  west  of  the  old  dome  of  the  United 
States  Xaval  0])servatory.  or  ()''  ll™  17^83  Avest  of  Gi-eeuAvich. 

AVhile  the  preceding  result  Avas  quite  satisfactory,  it  Avas  yet  determined  to 
use  the  first  opportunity  for  a  complete  exchange  of  signals.  On  the  completion 
of  the  Chicago  &  Alton  R.  K.  to  Kansas  City,  permission  Avas  obtained  from  Supt. 
Wilson,  to  connect  the  ObserA'atory  with  one  of  the  main  Avires  of  that  line. 
Under  the  ])rom])t  management  of  Supt.  W.  K.  Morley,  the  connection  was  made 
in  May,  1880,  and  the  ObserA'atory  Avas  i)laced  permanently  on  Avire  jS^o.  15  from 
Bloomington  to  Kansas  City.  At  my  request,  the  details  of  the  exchange  Avere 
arranged  by  Prof.  J.  R.  Eastman  of  the  United  States  Xaval  Observatory,  and  the 
in-ogramme  Avas  carried  into  effect  in  the  months  of  June  and  July  folloAving.  A 
full  account  of  tlie  Avoi'k  constitutes  Appendix  JS^o.  5,  Washington  Ohservations  of 
1S77.  As  one  prominent  design  of  this  present  publication  is  to  giA'e  in  detail  the 
authority  for  the  geographical  co-ordinates  of  the  ObserA^atory,  it  Avill  be  necessary 
to  ti-anscribe  a  considerable  part  of  that  Appendix. 

Programme  for  Exchange.  ''The  arrangement  for  the  exchange  of  signals  on 
each  night  Avas,  briefly,  to  alloAV  the  Washington  clock  to  break  the  closed  circuit 
from  Washington  to  Glasgow  (including  of  course  the  necessary  diA'isions  of  the 
main  line  by  means  of  repeaters) ,  each  second  for  three  minutes,  recording  each 
break  on  the  chronograph  at  Washington  and  on  the  chronograph  at  GlasgOAV. 
Then  the  GlasgoAv  clock  Avas  alloAved  to  break  the  circuit  in  the  same  Avay  for 
three  minutes.  The  hour  and  the  first  and  last  minute  of  the  recorded  signals  of 
the  Washington  clock  Avere  telegraphed  to  GlasgoAV,  and  similar  data  in  relation 
to  the  GlasgOAV  clock  Avere  received  from  GlasgOAv;  and  this  completed  the 
excliange  of  signals.  Similar  ai)pai'atii8  Avas  used  at  both  stations  for  sending  and 
receiA'ing  signals." 

Observations  at  the  United  States  Naval  Observatory.  '■'  The  observations  for 
the  determination  of  the  clock  corrections  at  the  XaA'al  Observatory  were  made  by 
Prof.  J.  R.  Eastman,  U.  S.X.,  with  the  ti-ansit  circle.  A  description  of  this  instru- 
ment, and  an  exi)lanation  of  the  methods  of  I'ednction,  may  be  found  in  any  of  the 
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:mmi;il  volunu's  ol"  tin-  OliMTvatorv  simr  ISTd.  For  cliuk  corrections  in  this 
(IctiTininjition  of  longitndi',  only  stars  ol"  the  ^\iii(  ricdn  h^jiln  iii<  ris  were  ol)servcd, 
and  the  corrections  given  in  tlie  tal)k>  behtw  were  applied  to  tlie  positions  given 
in  the  Epln  unriK.  The  corrections  eini>Ioyi'd  in  the  conipntations  at  the  ^roKinsov 
OnsKKVAToiiV  ari'  I'roin  llie  same  list  ol"  s\  «.teniatic  corrections." 


roKIIKfTIoXS    TO    AMF.r.ICAX    KIMIKMEKIS. 


Polaris 

— 0.36 

p'  Urs.  ^liii. 

I  OphiiK'lii 

0.00 

4.S  Cephei 

p'  Bootis 

+0.0;! 

r,  Ik'reulis 

— 0.01 

12  Can.  Veiiat. 

+0.0:i 

/('  Bootis 

—  0.0.') 

y.  Ophiuclii 

o.os 

•''  Vii£:inis 

— (I.O.J 

a  Cor.  Bor. 

+0.01 

d  llcri'iilis 

+  0.20 

'  Viririiiis 

0.01 

'*  Sei'pentis 

o.o:') 

£  lis.  Miu. 

r,  Bootis 

— (1.04 

£  Sei-pentis 

— o.(U 

«'IIerc'iilis 

+0.02 

•'*  Bootis 

-|-0.08 

c  Cor.  Bor. 

— O.O.") 

a  Ophiuclii 

0.04 

.5  I  IS.  Mill. 

a  Opliiuclii 

+0.02 

,'i  Herciilis 

+  0.04 

r  Bootis 

+0.(11 

T  Heron]  is 

+0.18 

'J  Urs.  Min. 

— (1.00 

'/Lihviv 

(1.0(1 

1,  Draconis 

— (».01 

"In  the  case  of  48  (Jcplic-i.,  o  Ursce  Jliitoris,  ,o'  Urt^re  JIhion's,  and  a  Ursce 
Miiioris,  the*  uncorrected  ei)henierides  were  used,  as  no  Avell  anthenticated  eor- 
rections  were  known.  The  azinnith  constant  Avas  obtained  liy  tlie  method  of  least 
&:c]iiares  J"rom  all  the  observations  on  each  night.  The  level  constant  Avas  ol)tained 
from  observations  with  the  hanging  level.  The  collimation  constant  Avas  obtained 
from  observations  on  tAvo  opposing  eollimating  telescopes  in  the  nsual  way,  and 
(as  the  constant  vai'ies  Avith  the  temperature),  two  values  are  given  on  each  night 
at  the  hoiu's  noted  in  the  table  IjcIoav,  and  the  Aalues  for  other  ejioclis  Avere  interpo- 
hited  on  the  assumjition  tliat  the  rate  of  change  of  temperature  Avas  miiform." 


foXSTAXTS    T-SED    IX    THK    KEDrCTIoX    OF    OBSEKA'ATIOXS. 


Dale. 

= 

b 

' 

1880. 

s. 

J 

.Tunc  IG 

f       M.7 
■(       17.0 

—0.006   ") 
+0.004    j 

— 0.2O0 

— 1.16.!i 

"     17 

j        12..S 
(        lfi.3 

— 0.0-.2   \ 
0.012    [ 

— O.OSO 

—1.309 

"     19 

f        14.4 
\       16.9 

0.033   1 
0.013    j 

— 0.207 

—1.301 

"     21 

(        14.4 
\       16.7 

0.061    ) 
O.O.^.i   j 

— 0.212 

—1.183 

.Inly     2 

(      l.'..o 
1        l.s.-i 

0.0.-.6    ) 
— 0.040    j 

— 0.220 

—1.246 
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OBSEUVATIOXS   AND   DEDLCED   CEOCK   COKUECTIOXS   AT   THE   XAVAL   OBSEHVATi  IRY. 


|li                      f 

Iiifitru-                    AJupt- 

Observed 

Clock           r 
Correction 

•  Dale. 

.^lAB. 

a       S       Mean  Tlireail.            Aa. 

^-                ""■        '    Sn'     ^^'  )St 

z     ■?. 

8lon. 

1 

1880. 

h.    m.        s.                   s.                  s.                  s.                    s.              .'-            s. 

J. 

s. 

Juue  10 

a*  LibiiC 

E  : 

9   14  44  44.41    -0.984 

—0.120-0.006-    1.1143.30  18.10 

-25.20 

0.03 

fi  Uis.  Min. 

E 

8         51  31.14    -f2.571 

0.613      0.023+  1.94  33.08    7.83 

'' 

^  Bootis 

E 

9   14  57  54.16    -|-0.052' 

0.264      0.007-0.22  53.94  28.74 

.20 

0.02 

'« 

fi'  Bootis 

E 

9   15  20  26.33    -0.028 

0.253      0.004        0.28  25.95    0.68 

.27  0.05 

" 

f  Serpeutis 

E 

9   15  45  19.70       0.655 

0.166-0.002        0.82  18.88  53.66 

.22  0.00 

<■' 

S  Ophiuchi 

E 

9   16    8  33.31    —0.785 

0.148      0.000        0.93  32.38    7.21 

.17  0.05 

'' 

T  Heiculis 

E 

8        IG  36.69    +0.227 

0.288  +0.001        0.06  36.63  11 .37 

.26  0.04 

'• 

'  Ophiuchi 

E' 

9        31    3.34    -0.896 

0.133 

0.002        1.03    2.3137.05 

.26  0.04 

>• 

i;  Heiculis 

E 

9        39  15.73    +0.007 

0.258 

0.003        0.25  15.48  50.26 

.22  0.00 

'. 

X  Ophiuchi 

E 

9  ;      52  28.89    -0.580 

0.177 

0.003        0.75  28.14    2.94 

.20 

0.01 

" 

(1  Heiculis 

E 

9  1       57  39.46    -0.125 

0.240 

0.005 

—  0.36  39.10  13.94 

—25.16 

0.05 

'• 

f  Lis.  Mill. 

E 

6   16  58  44.25    +5.916 

-1.076 

+0.030 

+  4.87  49.12  23.94 

Juue  17 

12Cau.  Ven. 

E 

9   12  50  53.54    +0.003 

-0.103 

-0.067  -   0.17  53.37  27.56 

-25.81 

0.05 

" 

'V  Virgiuis 

E 

9   13    4  13.90    -0.908 

—0.058—0.049        1.02  12.88  47.16 

.72 

0.04 

'• 

Polaris  s.p. 

E 

8         15  46.21      44:644+2.098+2.022      40.52    5.69  39.94 

" 

r  Virgiuis 

E 

9         29    4.46        0.823—0.062—0.044        0.93    3.53  37.78 

.75 

0.01 

'• 

r,  Bootis 

E 

9   13  49  27.59    -0.471 

-0.080 

0.043  —  0.59  27.00    1.30 

.70 

0.06 

*' 

•'/  Bootis 

E 

9   14  21  35.29    +0.500 

0.128 

0.056+  0.32  35.61    9.81 

.80 

0.04 

" 

p'  Bootis 

E 

9   14  57  54.60    +0.059 

0.106 

0.036 

—  0.08  54.52  28.73 

.79 

0.03 

//'Bootis 

E 

9   15  20  26.66    -0.031 

0.101 

0.030 

0.1626.50    0.67 

.       .83 

0.07 
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f  Serpeutis 

E 

9         45  20.22 

0.736 

0.066 

0.018 

0.82  19.40  53.66 

.74 

0.02 

" 

£  Coioh;^ 

.E 

9    15  53    6.72 

0.298 

.088 

0.019 

0.40;  6.32  40.58 

.74 

0.02 

" 

f"/  Ophiuchi 

E 

9  16    8  33.90 

-0.882 

—0.059 

-0.014 

—  0.96  32.94    7.21 

25.73 

0.03 

Juue  19 

•1  Bootis 

E 

9  14  21  36.26 

+0.497 

-0.330 

—0.054 

+  0.11  36.37    9.77 

26.60 

0.01 

5  Urs.  Min. 

E 

9        28  15.76 

+3.315 

0.691 

0.134 

+  2.49  18.25  51.25 

£"  Bootis 

E 

9        40  15.11 

—0.287 

0.229 

0.035—  0.55  14.56  47.97 

.59 

0.03 

a"LibiiV 

E 

9         44  45.97 

-1.099 

0.125 

0.032 

—   1.26  44:71  18.09 

.62 

0.01 

" 

(i  Urs.  Min. 

E 

9         51  32.34 

+2.871 

0.634 

0.110 

+  2.13  34.47    7.66 

'' 

p'  Bootis 

E 

9   14  57  55.60    +0.058 

-0.273 

—0.037 

—  0.25  55.35  28.71 

.64 

0.01 

" 

48Ceph.s.p. 

E 

9  15    5  41.81    —5.307 

+0.415 

+0.123 

4.77  37.04  10.06 

" 

ft'  Bootis 

E 

9        20  27.67       0.031 

-0.262 

-0.033 

0.33  27.34    0.65 

.69 

0.04 

" 

£  Cor.  Bor. 

E 

9   15  53    7.77        0.296 

0.228 

0.024 

0.55    7.22  40.58 

.64 

0.03 

'> 

d  Ophiuchi 

E 

9   16    8  34.96       0.877 

0.153 

0.019 

1.0533.91    7.21 

.70 

0.02 

" 

'  Ophiuchi 

E 

9  \      31    4.88    —1.000 

0.137 

0.016 

1.15    3.73  37.06 

.67 

0.02 

T;  Heiculis 

E 

9        39  17.27    +0.008 

0.267 

0.019 

0.28  16.99  50.26 

.73 

0.03 

'■ 

z  Opliiuclii 

E 

9  1       52  30.42    -0.648 

0.183 

0.013 

0.84,29.58    2.95 

.63 

0.07 

" 

d  Heiculis 

E 

9  ;       57  41.0.S    —0.140 

0.248 

0.014 

—  0.40  40.68  13.95 

26.73 

0.02 

e  Lis.  Mia. 

^ 

5   16  58  45.07 

+6.606 

-1.114 

—0.089 

+  5.40  50.47  23.77 

Juue  L'l 

'•>  Bootis 

v. 

8   14  21  37.44 

+0.452 

-0.338 

-0.100 

+  0.0137.45    9.73 

27.72 

0.06 

'• 

c=  Bootis 

E 

9         40  16.12    —0.261 

0.234 

0.068 

—  0.56  15.56  47.95 

.61 

0.06 

'• 

«-  Libra; 

E 

9         44  46.96    -1.000 

0.128 

0.062 

—  1.19  45.77  18.08 

.69 

0.02 

" 

ffUrs.  Mia. 

E 

9        51  33.48   +2.611 

0.650 

0.227 

+  1.7335.21    7.54 

" 

{i  Bootis 

E 

9    14  57  56.71 

+0.053 

-0.280 

-0.078 

-  0.3056.41  28.69 

.72 

0.05 

" 

48Ceph.s.p. 

E 

:  8   15    5  42.08 

-4.826 

+0.425 

+0.268 

4.13  37.95  10.24 

" 

/«' Bootis 

E 

9         20  28.69 

0.028 

—0.268 

—0.075 

0.3728.32    0.63 

.69 

0.01 

" 

a  Cor.  Bor. 

E 

9  ,      30    7.93 

0.272 

0.233 

0.065 

0.57    7.36  39.74 

.62 

0.06 

" 

a  Serpeutis 

E 

9  i      38  53.19 

0.633 

0.181 

0.058 

0.87  52.62  24.99 

.63 

0.05 

" 

t  Serpeutis 

E 

9   15  45  22.19 

0.665 

0.176 

0.057 

0.90  21.29  53.66 

.63 

0.05 

" 

5  Ophiuchi 

E 

9   16    8  35.87 

-0.797 

0.157 

0.057 

1.0134.86    7.21 

—27.65 

0.04 

»• 

1  T  Herculis 

E 

8         16  39.26 

+0.231 

0.305 

0.082 

—  0.16  39.10  11.34 

.76 

0.07 

" 

Tj  Dracouis 

E 

9         22  52.63 

+0.975 

0.413 

0.118+  0.44  53.07  25.49 

" 

'  Ophiuchi 

E 

9         31     5.84 

-0.910 

0.141 

0.057 

—  1.11    4.73  37.07 

.66 

0.04 

'■ 

r,  Herculis 

E 

9  16  39  18.37 

+0.007 

—  0.273 

-0.071 

-   0.34  18.03  50.25 

-27.78 

0.28 
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l>au-. 

S..U.. 

t 

1 
5 

H 

X 

M.au  Throiul. 

will. 

lib. 

cv. 

nii'iicil 
<'iil- 
rectlon. 

Tninsit  Ascen- 
Blun, 

<.ll).>.t.rn-.l 

Clock 
Con-cotlon 

/ 

IK80. 

July     2 

p'  Bootis 

E 

9 

4.     »/.        s. 

14  57  59.38 

+  0^056 

-0^290 

-0.'()-4 

-  0.31 

59^07  28''.'54 

-30''.'53 

0?04 

.1 

«  Cor.  Hor. 

E 

9 

15  30  10.70 

-  0.287 

0.242 

0.061 

0.59 

10.11  39.65 

.46 

0.04 

«  Serpontis 

E 

7 

15  38  56.39 

0.666 

0.188 

0.053 

0.91 

55.48  24.94 

.54 

0.03 

ctOiiliiiK-lii 

E 

9 

16    8  38.73 

0..S40 

0.163 

0.050 

1 .05 

37.68    7.21 

.17 

0.05 

X  ()|iliiiu-hi 

E 

9 

52  34.42 

0.(;21 

0.194 

0.048 

0.86 

33.561  2.98 

.5s 

0.05 

(/  IK'iiuli.s 

E 

9 

57  44.98 

-   0.135 

0.264 

0.055 

—  0.45 

44.53  13.93 

.60 

0.06 

£  lis.  ]Miu. 

E 

6 

16  58  48.46 

+  6.32.S 

1.184 

0.340 

+  4.80 

53.26  22.74 

rt'  Ilerculis 

]•: 

9 

17    9  45.46 

—   0.532 

0.207 

0.046 

—  0.78 

44.68  14.20 

.48 

0.06 

'/  Opliiiichi 

E 

9 

29  56.90 

0.566 

0.202 

0.045 

0.81 

56.0925.57 

.52 

0.03 

,'i  IIiToulis 

E 

9 

17  42  20.41 

-  0.272 

0.244 

0.048 

-   0.56 

19.8549.27 

—  30.58 

0.03 

<S  lis.  .Aliii. 

E 

' 

IS  11  26.47 

+15.582 

—  2.502 

-0.676  +  12.40:38.87    8.35 

"The  follo■^^^llg  adopted  clock  corrections  and  rates  weix:;  ol)taincd  In  tlie 
method  of  U'ast  squares  from  all  the  ^observed  clock  corrections.'" 

"  Tlic  corrections  for  personal  equation  given  in  the  followini;-  taliU',  were 
derived  IVoni  oliservations  Avith  the  personal  equation  apparatus  dt'sci-ihcd  in  the 
IVa.^Jiiiii/toit  ()/).'<fn'vafio)ii^  for  1875.  These  observations  wciv  made  eacli  night 
during  the  time  occupied  in  observing-  stars  for  clock  corrections,  and  doubtless 
ivpresent  veiy  nearly  the  absolute  error  of  the  obsei'ver.  These  determinations 
indicate  that  the  observations  were  made  too  hdc  by  about  0M8." 

ADOPTED   CLOCK   COKRECTIONS   AT   THE   NAVAL   OBSERVATORY. 


Di.y. 

Si.l.  Hour. 

Cl.K'k  I'cirni-lion. 

ronirticm 

f.>r  I'crsuiial 

Eiiuatii.n. 

Hourly  liate. 

1880. 

June  16 
••     17 

••    i;) 

"      21 
July     2 

h. 

15.80 
15.  so 
16.20 
16.20 
18.20 

— 25'!217±o!bo8 
25.76(1  ±  (LOOK 
26.675  ±0.007 
27.690  ±0.011 

—30.563  ±0.011 

+  0.210 

0.173 

0.164 

0.165 

+0.190 

— o!o065 
+0.0008 
— 0.0366 
—0.0158 
— 0.0203 

THE    WORK    AT    THE    MORRISON    OBSERVATORY. 

[The  obsL'i-vations  and  computations  at  the  Morkisox  Obskkv.vtokv  were  all 
made  bv  Mr.  Henry  S.  Pritcliett.  A.]M.,  and  were  commnnicalt'd  l)y  letter  to 
Prof.  J.  K.  Eastman,  of  the  United  States  Xaval  Oliservatoi-y.  This  letter  is 
embodied  in  Prof.  Eastman's  report.  In  describing-  the  work,  its  language  will 
be  followed,  as  far  as  piaetic  alile.  —  c.  w.  p.] 

Th(-  fii.-<frinii(iit.'^.  A  dcsci-iption  of  these,  as  given  in  tlic  lettci'  of  Mr.  H.  S. 
Pritchett,  is  omitted  here,  as  they  are  fully  described  in  a  previous  part  of  this 
publication. 
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P(-rsoiifil  E(jiiaf!()ii.  "Tin-  i-flative  personal  t'<inati(>n  of  Professor  Eastuiau 
and  myself  lias  been  (leteriniiud  at  varions  times  dui-in-;-  the  last  three  years,  both 
with  the  maehine  invented  by  liim,  and  by  independent  deti-rminations  of  cloek 
corrections,  with  the  meridian  circli'  of  the  Xaval  Observatory.  For  the  present 
series  of  observations  he  kindly  loanml  one  of  his  macliines.  and  determinations 
of  personal  eqnation  were  made  by  me  on  each  eveniny  but  (UU',  lioth  before  and 
after  the  exchano-e  of  sio-nals.  On  Jnne  19,  only  one  siiics  of  obsei'vations  was 
made.  Tlu'  principle  of  the  niacliine,  and  the  method  of  ol)servation,  are  fully 
described  in  the  Washington  volume  for  1875.  The  residts  of  the  different  nights 
are  shown  in  the  following  table.  Oliservations  Avere  made  over  five  wires,  so  that 
each  set  furnished  five  determinations  of  personal  efpiations." 

DETEKMINA'lloX    oF    I'KKSoXAL    E(^rATI(iX. 


Date. 

Sill.  Time. 

No.  Sets. 

Personal  Eq. 

1880. 

//. 

J 

June  16 

13.9 

6 

— 0.'218 

"     16 

16.!) 

6 

—0.210 

"      17 

!;i.l» 

7 

—0.177 

"     17 

16.1 

6 

—0.168 

''     1'.) 

16.i) 

'J 

—0.164 

'■      21 

11.2 

6 

— 0.1.5O 

'•      21 

16.2 

6 

—0.1.53 

.July     2 

1.5.5 

3 

—0.163 

2 

18.2 

7 

—0.167 

''  These  values  are  quite  in  accord  with  determinations  of  personal  equation 
made  during  1878-79,  when  I  was  one  of  the  regular  observers  on  the  mei'idian 
circle  of  the  Xaval  Observatorv." 


DETERMIN.VTION    OF   INSTRUMENT.iL   CONSTANTS. 

"  The  Collimation  Constant  Avas  determined  from  a  pair  ol"  o])posing  colli- 
mators. In  the  ]jresent  obser\ations  two  determinatifnis  wei'c  made  on  each 
evening  —  one  just  before  and  one  just  after  the  observations  Ibr  time  —  the  mean 
of  the  two  being  used  in  reducing'  the  observations." 

"■  The  Level  Constant  was  determined  by  reflection  from  Mercmy,  using  a 
collimating  eye-piece,  which  necessitates  the  removal  of  the  ordinary  eye-piece 
whenever  an  observation  for  level  is  made.  Two  observations  for  level  were  made 
each  evening,  and  the  mean  of  the  two  was  used  as  the  correction  for  the  evening." 

"  The  Azimuth  Constant  was  determined  by  least  squares  from  all  the  stars." 

"■  In  the  table  following,  a,  b  and  c  denote  respectively,  the  azimuth,  level,  and 
collimation  constants." 


Pl"m.IC.\l'I(>\S    OK    MOKKISON    OUSi:i;\AT()l!Y. 


INS  riJlMKN  I'  \I.    ((INSTANT: 


|.:i.,. 

1                          1 

1880. 

.liiiif  ir> 

+o':?40 

+o::!77 

n.non 

••      17 

.-lO.J 

..">(;;! 

—  d.OK.", 

••     i:i 

.:i.s.-) 

.;'.si 

II. noil 

"       L'l 

.:il)2 

.:'.ll 

-|-ii.iiii.". 

Jiilv     ■> 

-\-[).:VM 

+n.;i71 

II. Ill  III 

''Oil  flimc  K).  the  a/.iniutli  coiislaiit.  cluck  (•(•I'rcctiuii.  and  rale,  wi'ir  (Ic- 
t(.-niiiiic(l  (lirccllv  rrmii  llic  dlisciA  atidiis  liv  llic  iiictliod  oC  least  sijiiarcs.  On  tlK' 
other  dates  a  sei'ies  of  e(iuati()iis  ol"  condition  was  ronned,  involving'  as  unknown 
quantities  a/.iinntli  constant  and  clo(dv  eiTor.  The  azinuitli.  thus  detennined,  was 
used  lor  ohtainiiiL;'  tlu'  individual  c^xdc  corrections  Iroin  the  ditt'erent  stars.  Tlie 
ch'ciimpohir  8tars  were  then  thrown  out,  and  another  solution  hy  least  sijuares  was 
made  for  rate  and  elock  correction  at  the  epoch  of  exchange." 

"On  Jime  IG,  a  power  of  100  was  used;  on  the  other  dates  a  power  of  170. 
The  time  stars  of  the  Amefican  Ejyhemeris  Avere  used,  with  N}-ivco7iiI/s  I^if//if  Ascen- 
sions. In  the  original  progTamiiie  it  was  intended  to  use  no  stars  lii-igliter  than  the 
third  magnitude,  hut  on  account  of  clouds  this  progrannne  had  to  he  inodilied  on 
several  nights.  On  several  occasions,  stars  as  hright  as  the  second  magnitude  were 
used,  hut  the  clock  corrections  fi'om  these  stars  show  no  systematic  ditierences  from 
the  others.     Ilence  they  have  heen  retained." 

"In  the  tal)le  following,  the  times,  given  under  the  title  'Ohser\e(l  Time,' have 
heen  reduced  to  the  middle  thread  and  con-ected  for  the  daily  ahcrration.  In  the 
colmnn '*•' are  the  residuals,  ohtained  after  introducing  the  clock  correction  and 
rate  into  the  e(]uati(jns  of  condition." 

OBSERVATIONS   AND   DEDUCED   CLOCK   CORRECTIONS   AT   MORRISON   OBSERVAToliY. 


Dale. 

STAn. 

1 

Observed  Time.         Aa. 

m. 

Cc. 

Instru- 
iiientnl 

Corrected 
Time. 

Adopted    Observed 
KiKht          Clock              '' 

X 

rection. 

Ascens'n 

Coned 'u. 

1880. 

h.    m.       s.       '         s.         i         s. 

^ 

^ 

J 

.June  16 

12  Caii.A'cMi. 

1) 

12  .01  22.7« +0.002 +0.48.5 

o.o(1o 

+0.49 

23.27 

27.57—55.70+0.(11 

" 

•1  Virjjinis 

1) 

i;3    4  42.aG        .237        .271 

.000 

.51 

42.87 

47.18,         .69        .11(1 

r  Virgiiiis 

!) 

29  .32.94  +  .21.5        .292 

.000 

.51 

33.45 

37.78          .67—  .02 

T/  Urs.  M:ij. 

!) 

44  46  S9—  .097        .i")7.') 

.000 

.48 

47.37 

51.68          .69        .00 

T/  Bootis 

9 

13  49  56. .51+  .124        .374 

.000 

.50 

57.01 

1.31          .70+  .01 

§  Libnv 

y 

15  11  31.89        .256        .254 

.000 

.51 

32.40 

36  67          .7.-;        .o;i 

«  Cor.  Bor. 

9 

30  35.01        .080        .414 

.000 

.49 

35.50 

39.77         .73+  .(i;; 

a  Serpentis 

9 

39  20.14        .183        .320 

.000 

.50 

20.64 

24.99           .65—  .05 

£  Serpentis 

9 

45  48.86        .192        .312 

.000 

.50 

49.36 

53.66          .70        .00 

£  Cor.  Bor. 

9 

15  53  35.77,       .080        .415 

.000 

.50 

36.27 

50.59          .6.S—  .o;! 

''  Ophiuchi 

',) 

16    9    2.43 +0.230 +0.27.S 

(1.000 

+.I..-.1 

2.94 

7.21  —55.7;! +0.02 
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l):i:.-. 

.r.K. 

'i. 

Olis.rveil  Time.          Aa.                 /,'.. 

Cc. 

Instru- 
mental 
Cor- 

""'*•    jAsct-ns'n 

Observed 

Clock            " 
Correction 

1880. 

//       l«           t                     s                      s 

s 

s. 

s.      1          J. 

s       1        s 

.June  17 

12  Can.  Ven. 

9 

12  ai  22^77 +0.003 

+0.471 

—0.007 

+0.47 

23.24    27.55 

—55.69      0.00 

" 

'V  Viiginis 

9 

13    4  42.28        .310 

.261 

.004 

.57 

42.85    47.17 

.6S— 0.01 

'• 

'  Virginis 

9 

29  32  93+  .280 

.281 

.004 

.56 

33.49    37.78 

.71+0.02 

T,  Uis.  Min. 

9 

43  46.88—  .127 

.554 

.007 

.42 

47.30    51.66 

.04 —0.05 

•  ' 

■t,  Bootis 

!) 

13  49  56.44+  .162 

.360 

.005 

.52 

56.96,      1.30 

.66—0.03 

'i 

p  Bootis 

9 

14  .58  24.O.0—  .016 

.480 

.006 

.46 

24.51    '28.73 

.78 

+0.08 

" 

p'  Libr;B 

9 

15  11  31.81+  .334 

.245 

.005 

.57 

32.38    36.67 

.71 

.01 

" 

/jt'  Bootis 

9 

20  55.93        .015 

.459 

.006 

.47 

56.40       0.68 

.72 

+  .02 

" 

a  Cor.  Bor. 

9 

30  34.97        .105        .398 

.006 

.50 

35.47    39.67 

.71         .00 

" 

a  Serpentis 

9 

39  20.14        .240        ..308 

.005 

.54 

20.68    24.99 

.(;;(  —   .02 

'• 

£  Serpentis 

9 

45  48.81        .252        .301 

.005 

.55 

49.36    53.66 

.70      0.01 

" 

£  Cor.  Bor. 

9 

15  53  35.78        .100      .  .399 

.006 

.49 

36.27    40.59 

.68—   .03 

')  Ophiuchi 

7 

16     8     2.3.S+   .300         .268 

.005 

+0.56 

2.94       7.21 

.73+   .02 

" 

£  Urs.  Miu. 

.5 

IG  59  19.76—2.232+1.966 

—0.037 

—0.30 

19.46    23.77 

—55.69 

June  19 

«  Bootis 

'.) 

14  11     9.64 +0.13G +0.382 

0.000 

0..52 

10.16     14..35 

— 55.81 

—0.02 

h  Urs.  Min. 

7 

28  46.81—0.973      1.278 

.000 

.31 

47.12    51.25 

«"  Lil)rii? 

9 

14  45  13.42+  .326      0.248 

.000 

.55 

13.97     18.09 

.88 

+0.05 

" 

a  Cor.  Bor. 

9 

15  30  35.09        .091        .418 

.000 

.51 

35.60    39.75 

.85 

+0.02 

•  ' 

«  Serpentis 

9 

39  20.27'       .208        .323 

.000 

.53 

20.80    24.99 

.81 

— 0.02 

" 

£  Serpentis 

9 

45  48.94+0.219      0.315 

.000 

.53 

49.47    53.66 

.81 

—  0.02 

" 

-  Urs.  Min. 

h 

49  21.96—1.178+1.445 

.000 

.26 

22.22     26.46 

" 

£  Cor.  Bor. 

9 

15  53  35.84+0.090      0.419 

.000 

.51 

36.35    40.59 

.76 

— o.os 

o  Ophiuchi 

9 

16    9    2.52        .261 

.281 

.000 

.54 

3.06       7.21 

.85 

+0.01 

" 

'  Ophiuchi 

9 

31  32.35        .298 

.251 

.000 

.55 

32.90    37.06 

.84 

.00 

" 

y,  Hereulis 

7 

39  45.66+0.001 

0.491 

.000 

.49 

46.15    50.27 

-55.88 

+0.04 

" 

£  Urs.  Min. 

9 

16  59  19.49—1.941 

+2.063 

.000 

+0.12 

19.61 

23.76 

June  21 

fi  Virginis 

9 

13    4  42.55+0.271 

+0.246 

+0.003 

+0.52 

43.07 

47.13 

—55.94 

—0.01 

" 

'  Virginis 

9 

29  33.18        .248 

.264 

.003 

.52 

33.70    37.74 

.96 

-1-0.01 

r,  Bootis 

9 

13  49  56.74+  .143 

.338 

.003 

.48 

57.22       1.26 

.96 

+0.01 

" 

«  Draconis 

9 

14    2    7.08—  .401 

.726 

.007 

.33 

7.41     11.48 

•' 

i''  Bootis 

5 

14  22    5.28—  .145 

.544 

.005 

.40 

5.68;      9.73 

.95 

.00 

a  Cor.  Bor. 

7 

15  30  35.24  +  .093 

.374 

.003 

.47 

35.71    39.74 

.97 

+  .02 

" 

a  Serpentis 

9 

39  20.43.       .212 

.290 

.003 

.51 

20.94    24.98 

.96 

+  .01 

" 

£  Serpentis 

9 

15  45  49.09        .223 

.m-2 

.003 

.51 

49.60    53.66 

.94 

—  .01 

" 

')  Ophiuchi 

9 

16    9    2.64+  .266 

.251 

.003 

.52 

3.16      7.21 

.95 

.01 

■' 

r  Hereulis 

7 

17    6.82—  .073 

.492 

.004 

.42 

7.24    11.33 

.91 

—  .05 

" 

r  Ophiuchi 

9 

31  32.53  +  .303 

.225 

.003 

.53 

.33.06    37.07 

.99 

+  .03 

" 

y,  Hereulis 

9 

39  45.77        .001 

.440 

.003 

.44 

46.21    50.26 

.95 

—  .01 

" 

z  Ophiuchi 

9 

52  58.42+0.197 

0.300 

.003 

+  .50 

58.921      2.95 

— 55.97 

+0.01 

" 

£  Urs.  Min. 

7 

16  59  19.69—1.976 

+1.847 

+0.022 

—0.11 

19.57    23.63 

July     2 

■''  Bootis 

9 

14  21    8.74—0.124 

+0.592 

0.000 

+0.47 

9.21       9.47 

+  0.26 

+0.02 

•' 

.5  Urs.  Min. 

9 

27  49.59  —0.840 

1.245 

.000 

.40 

49.99    50.25 

" 

£  Bootis 

9 

39  47.06+  .076 

0.410 

.000 

.49 

47.55    47.83 

.2.S 

— 0.01 

" 

a' Libra? 

t) 

44  17.26+  .283 

0.222 

.000 

.50 

17.76    18.01 

.25 

+0.02 

" 

(3  Urs.  Min. 

9 

51     6.16—  .728 

1.142 

.000 

.41 

6.57       6.82 

fi  Bootis 

9 

14  57  27.76—  .014 

0.490 

.000 

.48 

28.24    28. .54 

..30 

—0.03 

p'  Librji; 

'J 

15  10  35.85+   .251 

.250 

.000 

..50 

36.35    36.62 

.27 

.00 

" 

/i' Bootis 

9 

19  59.72        .012 

.469 

.000 

.48 

0.20       0.51 

.31 

—  .04 

" 

£  Serpentis 

5 

15  44  .52.89        .189 

.307 

.000 

.50 

53.39    53.62 

.23 

+   .04 

" 

//  Hereulis 

9 

17  41  48.51  +  .075 

.411 

.000 

.49 

49.001    49.26 

.26 

+   .01 

•  ' 

y  Draconis 

9 

17  53  51.72—  .113 

..582 

.000 

.47 

52.19    52.52 

.33 

—  .06 

" 

>i  Serpentis 

9 

18  15    9.32+  .224 

.275 

.000 

..50 

9.82    10.06 

.24 

+  .03 

*' 

1  Aquil» 

9 

IH  2«  44.04 +0.24.S 

+0.2.53 

.000 

+0.50 

44.54    44.79 

+  0.25 

+0.02 
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rrui.icArioNs  ok  MoinnsoN  ouskun  atokv 


"TIh'  .•solution  by  least  squares,  in  the  inaniuM-  indicated  above,  att'ords  the 
I'olliiwini;-  vahies  of  tlie  elocl<  eorri'ctioii  and  I'atrs  on  the  dill'ci-fut  (hitt's.  In 
exiihination  oi"  llic  break  in  the  eontinnitv  ol'  llu'  clock  correction,  for  July  2,  it 
must  be  stated,  that  the  el(nd<  stoppt'd  June  "_*;).  It  was  iuunediately  taken  down 
and  cleaned,  and  resumed  almost  exactly  the  same  rate  on  which  it  had  been  laui- 
niny  before." 


ADOPTED    CLOCK    COUKI'X'TIONS    AXD    UATKS. 


I):in-. 

Glasgow  SId.  Time. 

CI<n-k(;on'wtiiMi. 

I'nil..  Krn.r. 

llDiirly  Uiilf. 

1880. 

June  16 
•■  17 
•■  I'.i 
>.     21 

July     2 

h. 

15.0 
14.6 
15.11 
15.(1 
16..S 

s. 

—55.6976 

55.61)1)8 

55.8345 

—55.1)536 

-|-  0.2705 

±0.^00')  1 
±0.(1(166 
±0.01(J5 
±0.0042 
±0.0106 

—0^00879 
0.00654 
0.00652 
0.00164 

— 0.00203 

■"On  each  nijiht,  cloek-lieats  Avere  sent  for  three  minutes  each  way.  The 
signals  sent  irom  Washington  to  Glasgow,  give  the  Ibllowing  compai'ison  of 
clocks.  The  last  eolumn  gives  tlu'  numlier  of  se[)arate  eom2)arisons  read  ott'  I'rom 
the  sheet." 


WASHINGTON   TO   GLASGOW. 


..... 

Fiodsllam  1369. 

Kcssels  1324. 

No.offoniparl- 

1880. 

June  16 
"     17 

"      111 

••     21 

July     2 

/;.     ;«.         s. 

15    2  54.8535 

14  35  26.3208 

15  2  53.5235 

15  2  52.6637 

16  16    3.41I1III 

/(.    m.         s. 

16    5  30.0 

15  38    2.0 

16  5  30.0 

16  5  30.0 

17  411  40.0 

60 

76 

1)4 

1)1.-! 

70 

''  On  the  western  division  of  the  circuit  much  of  the  success  of  the  exchange 
is  due  to  Mr.  W.  K.  Morley,  Superintendent  of  Telegraj)!!  f)n  the  Chicago  &  Alton 
R.  R.  lie  not  only  aiibrded  every  focility  in  his  power,  but  was  personall}^  present 
on  several  nights  of  the  exchange.  We  are  also  indebted  to  Mr.  II.  Iv.  "Waters, 
and  Mr.  "William  Wiekes,  for  their  services  as  operators.'' 

(Signed)  Hexky  S.  Pkitciiett, 

Astronomer,  Morrison  Observatort/. 


I.()N(;lTri)K    OF    MKIilDIAX    I'IKU. 
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wasiiin(;t()X  kecokd  of  signals. 

"The  record  of  twenty  eloek  si<>-iials  troni  Glasgow  were  read  from  tlie 
ehronograph  sheets  for  comparison  on  each  night,  and  the  mean  of  each  set  is 
given  Ix'loAV.  The  Ghisgow  I'ecord  (jf  observations  and  signals  was  compared 
with  tlie  odd-seconds  record  of  the  clock  on  the  Glasgow  chronograph,  and 
accoi-dingly  only  the  odd-seconds  record  of  the  GlasgoAV  clock  on  the  "Washington 
chi'onogi'a])h  was  nscd  in  the  comparison  of  signals." 


MEAN   OF   CLOCK   SIGNALS    FKOM   GLASGOW   To   WASHINGTON. 


Dai.'. 

X.).  of  Sl^-nuls. 

Gl.isgow  Clock. 

"Washington  Clock. 

1880. 

June  16 
'•  17 
•'  lit 
"     21 

Julv     2 

20 
20 
20  - 
20 
20 

/;.     »«.        s. 

14  45  28.000 

14  42    6.368 

15  12  40.000 
15  10  44.000 
17  10    G.s'Jo 

/i.    m.         s. 

15  44    3.600 

15  44  42.508 

16  15  16.864 
16  13  21.804 
18  13  43.852 

TELEGRAPH   LINES,    liEPEATERS   AND   BATTERIES. 

"  On  Jnne  16,  19,  21,  and  Jnly  2,  repeaters  were  employed  at  Pittsburgh, 
Indianapolis,  and  St.  Louis.  On  June  17,  the  circaiit  through  Philadelphia  was 
used,  and  repeaters  were  employed  at  Harrisburg,  Pittsburgh,  Indianapolis,  and 
St.  Louis." 

"At  Washington,  and  all  the  repeating  stations,  the  batteries  employed  were 
the  gravity  batteries  in  general  use  by  the  Western  Union  Telegraph  Comj^any. 
The  average  nmnber  of  cells  employed  each  night  at  the  several  stations  was  100,. 
except  on  Jnne  19,  when  225  cells  were  used  at  the  Washington  office,  11:0  at 
Pittsburgh,  150  at  Indianapolis,  and  125  at  St.  Louis." 

The  Irngth  of  telegraph  Avire  used  is  as  folloAvs:  — 

Washington  to  Pittslnirgh,  A'ia  l*hiladclphia  and  Harris1)ui'g, 
Washington  to  Pittsburgh,  direct, 

Pittsburgh  to  Indianapolis,  .... 

Indianapolis  to  St.  Louis,  .... 

St.  Louis  to  Glasgow,  \'ia  Jefferson  City  and  Kansas  City, 

Total  length  of  wire,  June  19, 

Total  length  of  Avire,  on  other  nights, 


490  m\\Q> 

843 

374 

239 

380 

483 

336 

l>(j 


I'l  lu.iiA'noNs  OF  M()i;i;is()N  ouskuvatoky. 


T.UU.K   SIMWINT.  TIIK  roMrAlMSON  OK   SICNAI.S.  TIIK    AIMM.IKD   Cl.Ot'K  COU!!i;(^ri<  >NS, 

iir.Drri'.D  i.uNdiiTDK  on  kacii  NKiirr. 


AM)  TIIK 


Sli;n:ils  — tilaSKuw  to  Waslilii>:tuii. 


Glasgow  Clock. 


Washington  Clock 


Signals- Waslilnjttoii  to  (.ilasgnw. 


Glasgow  Clock. 


Washington  Clock 


1880.      I  ^     ,„        ^            „     ,„        J,            „,  „,.       ,. 

June  16  U  45  28.000  1.)  4«  3.600  15  2  54.H54 

_.55.4H2!   —-25. -207!  — .-)5.4.S4 

14  44  32.51.s|l5  47  ;58.5!);5  1.'.  1  .V.i.;!70 

.Tune  17   14  42     n.;!C.8  15  44  42.508  11  :)5  2(;.:!21 

— 55.52'.!          —25.587:;  — 55.528 

14  11  iii..s;!:i  15  44  in.'.)2i  14  .-SI  .•;o.7:»:'. 


Jiuio  r.i    15  12  10.(10(1  IG  15  lfi.8(;4  ,15     2  5;!. 524 


Dlflerence  of  Dtlferoncf  of  i        Me, 


n 


Li>ngltu(le, 

from  SI;n)aU 

U.  to  W. 


16    5  30.000 

—25.00!)  , 
IC,    5    4.1i:il   1  ■'>  (j.075  1  3  5.621  1  3  5.848 


Longitude,  \    DlflVrunue 
from  Signals 


■W.toG. 


Longitude. 


//. ;/;.   s. 


15  38     2.000 

—25.587 

15  37  36.413 


1  3  6.082  1  3  5.620  1  3  5.851 


Wave  and 

Arnuiturc 

Tiuic. 


16     5  30.000 
_.-,.-,. (-,71;        _26.513^        —55.670         —26.507''  |  I 

15  11  44.3211  16  14  .50.351  15    1  57.854  16    5    3.41)3, ll  3  6.022  1  3  5.631)  1  3  5.830 


.Juiu-  21   15  10  44.000:16  13  21.804  15    2  52.664 

;        _55.800        —27.525,1        —55.800 

"        15    1)48.200  16  12  54.271)15  1     56.864 

Jiilj'     2  17  10    6.8115  18  13  43.852  16  46    3.500 
-|_().4;!4i        —30.374  ]  +0.435 


17  10    7.321) 


18  13  13.478 


16  46    3.935 


16    5  30.000ii 
— 27.523;i 
16    5    2.477  !l  3  6.079  1  3  5.613  1  3  5.846 


17  49  40.000 
—30.365 
17  49    9.635!  1  3  6.149 


1  3  5.700  1  3  5.924 
Mean     1  3  5.860 


0.22; 


0.231 


0.191 


0.233 


0.224 


0.221 


"Tlie  ti-ansit  cm-]v  of  thi^  01).st'rvatory  is  (F.()(jG  west  of  the  eeutral,  or  old 
dome,  IVom  wliicli  all  longitudes  are  reekoned.  Ai)plying  this  eorrection  to  the 
mean  value  of  the  determinations  above,  we  have  the  transit  eirele  of  the  Mokhi- 
sox  Ob.sekvatoky,  at  Glasgow,  Missouri,  1*  8'"  5'.92(5  west  of  the  central  dome  of 
the  United  States  Xaval  Observatoiy." 

"My  thanks  are  due  Mr.  31.  Marean,  of  the  Western  Union  Telegraph  Office 

of  Washington,  for  his  skillful  management  of  the  telegrai)h  lines  in  the  exchange 

of  signals  and  messages." 

Verv  respect  fully, 
(Signed)  ■'  '        J.  R.  EASTMAN, 

Professor  of  Mathnnatici,  U.  8.  X. 
Wash ixcrrox,  D.C,  Z>ef.  7.7,  i.S'-m 

Keai'-Admiral  Joiix   1\0(;i:hs,  U.S.X., 

Sniiiriidendtut  United  Slates  Xaval  Ohservatorij. 


L.VTITUDE    OF    MEIUDIAX    PIEU. 

Soon  after  the  meridian  circle  was  mounted,  in  the  autumn  of  1877,  a  series  of 
observations  on  circumpolar  stars  was  made  by  Mr.  Henry  S.  Pritchett,  relative  to 
A  preliminary  determination  of  the  Latitude  of  the  Meridian  Pier.    In  this  series  the 


LATITUDE    OF    MERIDIAN    PIER. 
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.stars  were  bisected  a  number  uf  times  wlieii  near  tlie  meridian,  and  on  each  side  of 
it;  and  the  micrometer  reading  given  for  each  star  is  the  mean  of  all  the  reductions 
to  the  meridian.  Error  of  runs  in  the  microscopes  was  avoided  lij  setting  ahvays 
on  the  nearest  c-ircle  division,  both  for  the  nadir  and  the  star. 

The  observations  are  tabulated  below.  Under  C  are  entered  the  circle  read- 
ings for  the  stars,  after  corrections  from  the  microscopes,  F,  G,  H,  I.  Under  (M) 
are  entered  the  technical  micrometer  zeros,  or  each  (M)  is  the  number  of  seconds 
(Cj  expressed  in  revolutions  of  micrometer  from  270°,  given  by  the  microscopes, 
+  J/o  =  the  nadir  micrometer  reading,  or  (M)  =  C^  +  M^.  In  this  series  Co  is 
generally  negative.  X'  is  the  ajqxirent  nadir  distance  of  the  star,  h'  the  apparent 
altitude,  h  the  true  altitude,  and  <;,  the  latitude.  The  refraction  was  alwaj's  com- 
puted by  BesseFs  tables,  derived  from  the  foi'inula,  R  ^  a  p'"  /'  tan  z — (  Yld.  Tah. 
Reg'iomont.,  or  Ast.  Untersuch.,  Band  I.).  For  the  residuals,  the  usual  notation 
of  least  s([uai'es  is  em])loyed. 


Oct. 


Nov 


23 
20 
26 
26 
26 

2;» 

•2<i 
31 
3 
a 
10 
10 
12 
12 
15 
15 
16 
16 
17 
17 


« I'rs.Min. 
"Urs.  Mill. 
51  CepLei  s. 
«  Urs.  Min. 
'5Urs.  Min. 
a  Urs.  Miu. 
'/Uis.Miu. 
'/Urs.  Min. 
51  C'ephei  s, 
«  Urs.  Min. 
11  Urs.  Min. 
51  C'ephei  s 
.;  Urs.  Miu. 
51  Cepbei  s 
/.  Urs.  Miu. 
'/  Urs.  Miu. 
a  Urs.  Miu. 
51  C'ephei  s. 
«  Urs.  Miu. 
a  I'rs.  Min. 
a  Urs.  Min. 
a  Urs.  Min. 
«Urs.  Min. 
a  Urs.  Min. 
«  Urs.  Min. 
a  Urs.  Min. 
a  Urs.  Min. 
a  Urs.  Min. 
a  Urs.  Min. 
«  Urs.  Min. 
a  Urs.  Min. 
a  Urs.  Min. 
a  Urs.  Min. 


s.p. 

p. 
s.p. 


s.p. 

•I'- 


ll 


p-  I 


s.p. 

p. 

s.p. 
s.p. 

s.p. 

s.p. 

s.p. 

s.p. 

s.p. 


U2  4 
137  20 
143  2'J 
142  4 
137  1!) 
139  24 

142  4 
137  I'J 

143  29 
139  24 

142  4 

143  29 
137  20 

il43  29 
[139  40 
139  24 

142  4 

143  29 
142  4 
142  4 
139  ib 
142  4 
139  24 
142  4 
139  25 
142  4 
139  24 
142  4 
139  24 
142  4 
139  24 
,139  24 
139  24 


57.47  7 
0.16  9 
54.)S2  8 
58.38  7 
56.85  9 

55.21  6 
58.  i; 

57.22  9 
55.46  8 
59.116 
.58.43  7 
56.68  8 

0.14'9 
59.088 

1.00  9 
58.75  6 

59.61  7 
57.50  8 
.54.96  7 
57.19J7 

3.21;6 
55.12  7 
57.276 
54.30  7 

0.49  6 

56.62  7 
59.156 
57.75  7. 
57.76 
55.32 
52.81 
59.11  7 
56.71 


668 
339 
.  655 
682 
.434 
.804 
.(!05 
412 
672 
802 
.603 
672 
403 
637 
099 
867 
511 
620 
575 
517 
809 
463 
918 
510 
910 
472 
994: 
440 
029' 
476 
119 
037 
090 


10.0914 
10.0875 
10.0875 
10.0768 
10.0760 
10.0760 
10.1435 
10.1316 
10.1316 
10.1198 
10.1328 
10.1280 
10.1482 
10.1482 
10.1482 
10.1430 
10.1354 
10.1382 
10.1340 
10.1285 
10.1603 
10.1349 
10.1309 
10.1292 
10.1280 
10.1479 
10.1477 
10.1473 
10.1473 
10.1506 
10.1480 
10.1612 
10.1413 


2.4234° 

0.748.)° 

1.4325 

2.3948 

0.6420 

3.2720 

2.5385 

0.7196 

1.4596 

3.3178 

2.5298 

1.4560 

0.7452 

1.5112 

1.0492 

3.2760 

2.6244 

1.5182 

2.5500 

2.6115 

3.3513 

2.6719 

3.2129 

2.6192 

3.2180 

2.6759 

3.1537 

2.7073 

3.1183 

2.6746 

3.0290 

3.1242° 

3.051.3° 


n  1.1 


!  1  .59.81' 
I  0  37.01' 
i  1  10.82 
j  1  58.56 

0  31.74 
i  2  41.77 

2  5.. 50 

0  35.57 

1  12.16 

2  44.03 
2  5.07 
1  11.97 

0  36.85 

1  14.71 

0  51.87 

2  41.97 
2  9.75 

1  15.06 

2  6.52 
2  9.11 
2  45.69 
2  12.10 
2  38.84 
2  9.49 
2  39.10 
2  12.29 
2  35.92 
2  13.85 
2  34.17 
2  12.23 
2  29.75 
2  34.46" 
2  30.87" 


232 

227 
1233 
232 


229 
|232 
22.7 
233 
229 
232 
233 
227 
233 
229 
229 
232 
233 
232 
232 
229 
232 
229 
232 
229 
232 
229 
232 
229 
232 
229 
229 
229 


2  57.66:37 
19  23.1542 
28  44.00,36 

2  59.82137 
19  25.11142 
22  13.44  40 

2  52.65137 
19  21.65J42 
28  43.30^36 
22  15.0840 

2  53.36  37 
28  44.71  36 
19  23.29  42 
28  44.37J36 
39  9.13'40 
22  16.7840 

2  49. 86  3 7 
28  42.44^36 

2  48.44  37 

2  48.08  37 
22  17.52140 

2  43.02*37 
22  18.43'40 

2  44.81  37 
22  21.39  40 

2  44.33  37 
22  23.23  40 

2  43.90  37 
22  23.59140 

2  43.09'37 
22  23.06|40 
22  24.6540 
22  25.84:40 


57  2.34 
40  36.85 
31  16.00 
57  0.18 
40  34.89 
37  46.56 
57  7.35 
40  38.35 
31  16.70 
37  44.92 
57  6.64 
31  15.29 
40  36.71 
31  15.63 
20  50.87 


43.22 
10.14 
17.56 
11.56 
11.92 
42.48 
16.98 
41.57 
15.19 
38.61 
15.67 
36.77 
16.10 
36.41 
16.91 
36.94 
.35.35 
34.16 


2S 


ri  HI.U  AllONS    ()|-    -VIOKIMSON     ( )|!SKi;  VA'PolM  . 


1877. 

Baronictrr. 

Att.  TlilT. 

Ext.Tlicr. 

Retraction 

A 

90-(i 

<P 

'• 

,„. 

Oct.  n 

29.500 

59.0  F 

58.0  F 

72.17 

c       ;          // 

37  55  50.17 

1  20  27.10 

0      1         n 
39  16  17.27 

—0.55 

0.302 

■•    11 

29.362 

60.0 

59.5 

60.72 

42  39  36.13 

3  23  19.10 

17.03 

—0.31 

0.096 

••    11 

29.362 

60.0 

59.5 

75.55 

36  30    0.45 

2  46  16.60 

17.05 

—0.33 

0.109 

•'    i.i 

29.170 

70.0 

69.0 

69.82 

37  55  50.36 

1  20  26.20 

16.56 

+0.10 

0.026 

"    l;5 

29.140 

70.8 

70.0 

58.92 

37  39  35.97 

3  23  19.20 

16.77 

—0.05 

0.002 

"     13 

29.160 

66.5 

66.1 

63.83 

40  36  42.73 

1  20  25.98 

16.75 

—0.03 

0.001 

"     22 

29.3«2 

53.0 

52.9 

72.64 

37  55  54.71 

1  20  22.44 

17.15 

—0.43 

0.185 

"     22 

29.312 

57.0 

55.5 

61.03 

42  39  37.32 

3  23  20.20 

17.12 

—0.40 

0.160 

"     22 

29.312 

57.0 

55.5 

75.89 

36  30    6.81 

2  46  16.10 

16.91 

—0.19 

0.036 

"     22 

29.320 

52.5 

52.5 

65.97 

40  36  38.95 

1  20  22.58 

16.37 

+0.33 

0.101) 

"     23 

29.314 

56.0 

56.0 

72.02 

37  55  54.62 

1  20  22.45 

17.07 

—0.37 

0.137 

•'     23 

29.200 

60.0 

59.0 

75.07 

36  30    0.24 

2  46  16.05 

16.29 

+0.43 

0.185 

"     26 

29.062 

61.0 

59.8 

59.96 

42  39  36.77 

3  13  20.70 

16.07 

+0.65 

0.422 

"     26 

29.062 

61.0 

59.8 

74.64 

36  30    0.99 

2  46  15.85 

16.84 

—0.12 

0.014 

"     26 

29.064 

58.5 

57.5 

65.05 

40  19  45. .S2 

1     3  30.00 

15.82 

+0.90 

0.810 

"     26 

29.020 

55.0 

55.0 

64.93 

40  36  38.29 

1  20  21,08 

17.21 

—0.49 

0.240 

"     2i) 

29.492 

52.0 

52.0 

72.97 

37  55  57.17 

1  20  19.98 

17.18 

—0.46 

0.212 

"     29 

29.468 

53.0 

53.0 

76.74 

36  30    0.82 

2  46  15.55 

16.37 

+0.35 

0.122 

"     31 

29.360 

48.5 

47.5 

73.43 

37  55  58.13 

1  20  19.24 

17.37 

—0.65 

0.422 

Not.  3 

29.392 

49.0 

48.0 

73.39 

37  55  58.53 

1  20  18.28 

16.81 

—0.09 

0.008 

'•        ') 

29.690 

32.0 

32.0 

61).  70 

40  36  32.78 

1  20  17.29 

15.49 

+1.23 

1.512 

•'     1(1 

29.694 

37.0 

36.6 

75.91 

37  56     1.08 

1  20  15.69 

16.77 

—0.05 

0.002 

••      1(1 

29.544 

37.0 

37.0 

68.63 

40  36  32.94 

1  20  15.48 

17.46 

—0.74 

0.548 

..      12 

29.404 

45.0 

44.0 

74.02 

37  56    1.17 

1  20  14.95 

16.12 

+0.60 

0.360 

>.      1.2 

29.250 

47.0 

46.5 

66.61 

40  36  32.00 

1  20  14.80 

17.20 

—0.48 

0.230 

••      1.'. 

29.370 

52.0 

50.7 

72.92 

37  56    2.75 

1  20  13.95 

16.70 

+0.02 

0.000 

'•      1.". 

29.350 

49.0 

49.3 

66.47 

40  36  30.30 

120  13.78 

16.52 

+0.20 

0.040 

"      IC, 

29.318 

52.0 

51.0 

72.76 

37  56    3.34 

1  20  13.66 

17.00 

—0.28 

0.078 

••      IG 

29.292 

52.6 

52.0 

65.98 

40  36  30.43 

1  20  13.51 

16.92 

—0.20 

0.040 

••     17 

29.414 

47.11 

46.(1 

73.75 

37  56    3.16 

1  20  13.35 

16.51 

+0.21 

0.044 

■'      17 

29.460 

48.5 

47.8 

66.91 

40  36  30.03 

1  20  13.21 

16.82 

—0.10 

0.010 

■)•> 

29.356 

42.5 

42.0 

67.48 

40  36  27.87 

1  20  11.58 

16.29 

+0.43 

0.185 

■'    2;'$ 

29.154 

40.5 

40.5 

67.23 

40  36  26.93 
Mean  value  of 

1  20  11.18 

15.75 

—0.97 

0.941 

30  10  16.72 

7.588 

DihIiktcI  ])r()l)al)k'  fi'rin'  oCmiiv  sing-lc  ()l)s(^'i'vati()n  ±  0".8o.  I'l-oljahlr  iTi-oi-  of 
the  arithmetic  mean  ±  0".<».^7.  'riin-ctbre,  from  tliesf  observations,  (|,  ^  89°  — 1(3' 
— 1()".7-2±0".(»57. 

Aeeordinj;-  to  ihe  theoiT  ol'  i)rt>l)al)ilities,  if'Alx.'  the  g'enei'al  syinl)ol  for  the 
residual  errors.  //  tiie  measure  oi'  precision,  according-  to  Gauss,  r  the  probable 
^rror  of  any  single  o])sei-vali()n,  c  the  l)asL'  of  Xa|)erian  log-arithms,  and  ii  a  general 

jiiultiplier,  the  integral. 

^^ 


(where  t  ^  I>  A)  gives  the  probal)ility  of  an  eri-oi',  which  is  less  than  v  times  the 
.probable  error;  and  althoiigh  in  so  small  a  number  of  ol)servations  we  can  not 


i.A  rni  i)K  OF  MKinniAX  pikk. 


29 


expect  the  errors  to  be  riptroiislv  distrihuted  according-  to  tliis  law,  yet  an  inspec- 
tion oi"  the  subjoined  table  will   show  that  this  is  approximately  done. 


Numlier  of  errors  wliich  slionkl  occur,  less  thau 
Xuinher  actiiallv  occiirrinii-.       .  .  .     = 


fr 

r 

§r 

2  ;■ 

9 

IG 

23 

27 

8 

15 

24 

2!) 

3U 
30 


The  error  whicli  stands  exactly  in  the  iniildle  of  all  errors,  arranjivd  in  the 
order  of  their  inag-nitude,  and  wliich  ought  to  be  equal  to  the  ])robal)le  error, 
according  to  theory,  is  0.3.5,  while  the  next  tiro  errors  are  each  0.;}o  —  showing 
that  aside  from  constxod  errors,  the  observations  were  well  made. 

Again,  taking"  from  the  foregoing-  observations  the  corrected  altitudes  of 
Polaris,  as  observed  successively  above  and  below  the  Pole,  and  applying  the 
small  corrections,  A  -;,  .due  to  the  dates,  we  have  independently  of  the  star's 
absolute  declination,  the  folloAving  values. 


18-7. 

r.  c. 

i.  c. 

A" 

9 

O          1           II 

c       (         ;; 

II 

0       (         /; 

Oct.    13 
"     13 

40  30  42.73 

37  5.j  50.36 

+0.10 

39  16  16.64 

"     22 
"     22 

38.9;3 

54.71 

I 

i 

+0.09 

10.92 

"■    22 
"     23 

38.9.5 

54.62 

} 

—0.15 

10.04 

"     26 

''     29 

38.29 

57.17 

I 

1 

—0.86 

10. s7 

Nov.  10 
"     10 

3-2.94 

50     l.OS 

) 
1 

+0.10 

17.11 

"      10 
"      12 

32.94 

1.17 

I 

\ 

—0.26 

16.79 

'•      12 

32.00 

1.17 

1 

+0.09 

16.67 

-      1.3 
'•      1.") 

30.30 

2.75 

\ 

+0.08 

16.61 

••      1.') 

■'      10 

30.30 

3.34 

1 
1 

—0.08 

10.74 

"      10 
'•      10 

30.43 

3.34 

1 

+0.09 

16.47 

'•      10 
"      17 

30.43 

3.16 

! 

—0.08 

10.72 

•'      17 

''      17 

30.03 

3.16 
Menu  value  of 

} 

+0.08 

16.68 

39  10  1<!.797 

The  Latitude  of  the  Meridian  Pier,  resulting  from  these  observations,  is  39=' 
16'  1G".76  ±  0".05 ;  and  this  value  has  for  several  years  appeared  in  the  American 
Ephenierls.  It  was  found  more  than  a  year  ago,  that  a  large  constant  error  had 
entered  into  this  result.     It  occured  in  fixing  the  nadir  point.     In  (j])taining  the 
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nadir  IVoiu  tho  nifri-urv  c-oUiiiuitor.  the  HiuUt  oI'  tlu'  circU'  was  set  to  the  neai'i'st 
division,  which  is  '2~0,  and  the  iiiicroseopes  F",  G,  11,  L  were  tlien  read.  The  niid- 
dk^  thread  of  the  ck'elination  iniert)nieter  was  then  l)rought  into  coincidence  with  its 
own  image  (as  was  supposed),  as  seen  hy  rellection  in  the  mercury  colhmatoi-,  and 
the  mean  of  a  nnmher  of  micrometer  readings  taken.  Bnt,  untnitunately,  tlie 
middk^  micrometer  thread  was  l)ronght  into  coincidence,  not  with  its  own  image, 
but  was  superposed  on  the  image  of  the  northern  side  thread,  as  seen  in  the  tiekl 
with  the  collimating  eye-piece.  As  only  two  oltlie  fixed  and  parallel  threads  are 
\-isible  in  the  fiekl  without  sliding  the  eye-piece,  this  constant  error,  in  fixing  the 
zero  of  the  circk',  was  perpetuated  for  some  months  without  detection.  With  a 
singk^  thread,  no  such  error  could  have  occurred.  The  history  of  this  error  is 
carefullv  recited,  since  it  affords  an  instructive  instance  of  the  intrusion  of  constant 
error  into  the  most  carefully  conducted  ohservations. 

In  September,  1883,  three  series  of  readings  were  made  to  determine  the 
angular  difference  between  the  coincidence  of  the  middle  thread  with  its  owni 
imatJ-e.  and  with  the  image  of  the  northern  side  thread,  as  seen  in  the  field.  The 
followins:  are  the  observations  and  i-esults. 


CoiXCII>KNC> 

OV  >flP. 

Tn. 

COIXCIDESCE 

or 

Mid. 

rii. 

COIXCIDEXCE 

OF  Mid.  Th. 

Own  Image. 

Xorthcni 

Image. 

Own  Image. 

Norlhern  Ima^'c. 

Own  Image. 

Xorthern  Image. 

r. 

r. 

r. 

r. 

r. 

r. 

17.33-2    .362  1 

14.256 

.305 

17.305 

.361 

1-1 

.260 

.302 

17.312 

.362  ! 

14.261 

.300 

.320    .372 

.260 

.310 

.312 

.365 

.262 

.310 

.312 

.366 

.252 

.315 

.322  1  .365  \ 

.265 

.302 

.310 

.362 

.252 

.302 

.316 

.369  1 

.256 

.300 

.315    .361 

.255 

.302 

.315 

.360  i 

.262 

.315 

.316 

.361  1 

.257 

.302 

.322    .S61 

.256 

.309 

.310 

.365  1 

.263 

.310 

.312 

.366  ' 

.259 

.300 

17^343  HM'^L'  17^337  11  .l'.s4  17'-.:33'J  U'.i'so 

D  =  3^061  D  =  •V.0:y3  D  =  3'-. 059 

General  Mean.  3''.0576  =  1j1".1738  ^  2' 31".17.     Applying  tbiis  coiTection,  the  proper  value  of 
<J)  =  39^— 13'— 45"..59. 

During  Jidv,  August  and  September,  1SS3,  a  protracted  series  of  observations 
was  made  on  the  zenith  distances  of  .stars  situated  all  along  the  meridian,  from  30° 
of  south  declination  to  the  North  Pole.  ^V  number  of  these  stars  was  observed  in 
the  lower  culmination,  and  some  by  reflection  from  ujcrcury:  hence  almost  every 
section  of  the  circle  divisions  was  called  into  requisition  during  the  series. 

It  was  determined,  moreover,  to  dispense  with  the  micrometer  in  bisecting  the 
star;  and  having  very  carefidly  ascertained  the  circle  and  micrometer  reading, 
when  the  middle  thread  was  in  coincidence  with  its  own  image,  over  the  mei'cury, 
the  micrometer  was  set  exactlv  to  that  reading,  and  remained  unchanged  uiuil  a 
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new  dt'tfvminatiou  was  made.  The  star  was  Ijisueted  l)iit  oiici-,  and  tlieii  wlieii  on 
tlie  transit  thread  marking  tlie  meridian  and  colliniatiDn  =  o.  Tlie  nltimate  bisec- 
tions Avere  effected  by  the  tangent  screw  connected  witli  the  clamp.  The  stars 
were  all  taken  from  the  enlarged  list  of  the  A)uerican  Ephcmeris.  For  tlie  asterisk 
stars  the  apparent  declination  was  rigidly  computed.  The  barometer  and  ther- 
mometers were  all  read  very  frequently,  and  the  refraction  was  always  computed 
by  Bessel's  fornuila,  72  =  «  p'*  /->•  tan  z — {Tahuhe  liifjiomontaiKe,  j).  xlii.,  and 
Astronomische  Untersuchungen,  Band  J.,  ]>]).  198-202).  The  columns  of  the 
table  will  generally  explain  themselves;  l)ul  it  is  proper  to  remark,  that  the  colunna 
mai'ked  "Micsps.,"  is  the  mean  of  readings  of  microscopes  F,  G,  II,  I,  corrected 
for  error  of  runs.  C'  denotes  the  preceding  circle  division  increased  l)y  the  lead- 
ing of  the  microscopes,  z  denotes  the  apparent  zenith  distance,  li  the  refraction, 
'  the  true  zenith  distance,  and  i>  tlie  latitude.  For  the  residuals  the  usual  notation 
is  employed.  From  July  !•  to  July  20,  the  observations  were  made  by  Prof.  Hemy 
8.  Pritchett;  all  later  observations  were  made  l)v  C.  W.  Pritchett,  Jr.  From  obser- 
vations made  at  numerous  intervals  of  the  cii'cle  July  24,  27  and  31,  th^  mean 
correction  for  error  of  i-uns,  was  determined  to  l)e  +0".9.")3  for  each  circle  division 
of  o',  as  measured  by  the  microscopic  micrometers,  or  +0".19  for  each  minute  (1') 
measui'cd.  The  latitude  is  deduced  from  the  true  zenith  distance,  by  the  formula 
4  =  '+''  for  the  upper  culmination,  and  <f)  =  180 — {;  +  '■)  for  the  lower  culmi- 
nation. As  our  meiidiau  circle  is  mounted  to  read  zero,  when  the  telescope  is 
directed  to  the  south  ]joint  of  the  horizon,  it  will  be  seen  that  in  the  formula  above 
'  is  positive  for  stars  south  of  the  zenith,  and  negative  (in  U.  C.)  for  stars 
between  the  zenith  and  ])ole.  The  letter  li  attached  to  some  stars,  denotes  that 
thev  were  observed  bv  reflection  from  mercurv. 


ls.s:3.  .July 

9  —  Obxerver.  Hem;v  ^S.  Piutciiett.     Corrected  Nadir  Point  = 

=  ^y, .     From 

(1  to  7)   270=  0'  6".61. 

From  ( 

S  to  11)  27(P  0'  6".54.      Nadir  Micromete 

r  Reading  =  M(, . 

From  (1  to  7 

M„  =  17'-.(U4.     From 

(8  to  11)  J/„=17'-.C.JH.     Barometer  =  B  (1-7)  2 

(.392  in.    5(8-11) 

=  29.392  in. 

Attached  Thermometer 

=  T  (1 

-11)  ^  77  Fall.     External  TherMometer  = 

T  {\-n)  =  -iSFah. 

STARS. 

Xo.   E.  Runs 

JUcsps. 

c 

^ 

R 

C 

if 

^ 

' 

r,. 

'/Can.  Ven. 

1[  0.6.5 

3  26.52 

C          (              (/ 

89  43  26.52 

0  16  40.09 

0.26 

0  16  40.35 

O       t              II 

38  57    3.20 

39  13  43.55 

+2.04;  4.162 

Polaris  s.p. 

2  0.81 

4  15.78 

142    4  15.78  52    4    9.17 

69.18152    5  18.35 

88  40  57.50 

44.15 

-|-1.44|  2.074 

'  Mrgiuis 

.3  0.40 

2    7.12 

50  47    7.12'39  12  59.49 

44.06  39  13  43.55 

0    0    1.20 

44.75 

+0.84:  0.706 

r,  Urs.  Maj. 

4  0.03 

0    8.28 

100  40    8.28  10  40    1.67 

10.19  10  40  11.86 

49  53  57.70 

45.84—0.25'  0.062 

r,  Bootis 

5  0.14 

0  44.96 

69  45  44.9620  14  21.65 

19.95  20  14  41.60 

18  59    3.53 

45.13-1-0.46  0.212 

a  Draeouis 

r,  0.42 

2  12.37 

115  42  12.87  25  42    5.76 

26.04  25  42  31.80 

64  56  16.63 

44.83-1-0.76  0.578 

a  Bootis 

7  0.80 

4  12.67 

70  34  12.67,19  25  53.94 

19.09  19  26  13.03 

19  47  30.67 

43.70+1.89  3.572 

a  Scorpii 

8  0.57 

3    1.09 

24  38    1.09 

65  22    5.45 

117.62  65  24    3.07 

—26  10  18.80 

44.27 +1..32-  1.742 

r,  Herculis 

9  0.07 

0  16.97 

89  55  16.97 

0    4  49.57 

0.08    0    4  49.65 

39    8  55.01 

44.66-1-0.93  0.865 

y.  (Jph. 

10  0.09 

0  28.59 

60  20  28.59 

29  39  37.95 

30.88  29  40    8.83 

9  33  35.74 

44.57  4-1.02!  1.040 

d  Herculis 

11  0.17 

0  53.99 

84  30  53.99 

5  29  12.55 

5.21    5  29  17.76 

33  44  29.62 

47.38—1.79  3.204 
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i.  .lii.\  \\  —  (ih.-ir, ■,;,■.  llKNia  S.  PuiniiKrr.  .V„  ( 1  :.'-l  1 )  =:  27(1  u' L'4"..").s.  ^V„  (l,"i-2t'))  =  27(»  ()'  7".(U. 
-V..  (1L>-14)=  17^2,S0.  .v.,  (l.-)-2(i)=:  17--.('.1-1.  JS  (12-11)  =-2'J. 100.  7J  (l.)-2(!)  =  2!).(l()8.  T,,  (12-14) 
=  .si.  r,  (i:i-2.i)  =  77.  'A  (2(i)  =  7(i.:).  Te  (12-14)  =  «2.r).  r,.  (l.)-l!l)  =  7(!.;").  T^.  (20-25)  =  7.'). 2. 
Te  (26)  =  74.5. 


No. 

E.  Runs 

Mlc^ps. 

12 

0.85 

4  35.52 

13 

0.46 

2  24.38 

14 

0.09 

0  28.41 

15 

0.61 

3  12.18 

16 

0.88 

4  38.45 

17 

0.35 

1  50.55 

18 

0.13 

0  40.18 

1!) 

0.70 

3  43.77 

20 

0.61 

3  12.81 

21 

0.38 

2    1.30 

22 

0.57 

2  59.29 

23 

0.45 

2  21.72 

24 

0.05 

0  17.32 

25 

0.09 

0  27.79 

26 

0.17 

0  55.74 

rolaris  s.p. 
C  Viririnis 
j;  Ire.  Maj. 
li  Coroniv 
'i  Serpeutis 
;  Serpeutis 
"  Scorpii 
p.Scorpii 
Uioom''.2320 
r  Herculis 
r,  Draconis 
A  Draconis 
T,  Herculis 
X  Oi)liiiicbi 
(I  Herculis 


142  4 
50  47 

100  40 
77  53 
57  34 
55  36 
28  30 
31  18 

118  53 
97  22 

112  32 

119  47 
89  55 
60  20 
84  30 


35.32  52 
24.38  39 
28.41  10 
12.1H12 
38.4532 
50.55  34 
40.18  61 
43.77|58 
12.8128 
1.30  7 
59.29  22 
21.72|29 
17.32|  0 
27.79,29 
55.74    5 


4  10.74 
13    0.20 

40  3.83 
6  55.46 

25  29.19 
23  17.09 
29  27.46 

41  23.87 
53  5.17 
21  53. GG 
32  51. G5 
47  14.08 

4  50.32 
39  39.85 
29  11.90 


67.90 
43.24 

9.99 
11.51 
34.04 
3G.G7 
98.26 
87.85 
29.62 

6.94 
22.29 
30.73 

0.08 
30.62 

5.17 


5  18.64 
13  43.44 
40  13.82 

7  G.97 
26  3.23 
23  53.26 
31  5.72 
42  51.72 
.53  34.79 
22  0.62 
33  13.94 
47  44.81 

4  60.40 
40  10.47 
29  17.07 


88  40 

0    0 

49  53 

27    6 

G  47 

4  49 

-22  17 

-19  29 

68  7 
46  35 
Gl  46 

69  1 
39    8 

9  33 
33  44 


57.50 
1.30 
57.76 
39.60 
42.30 
53.00 
20.00 
6.30 
20.80 
45.00 
59.32 
30.50 
55.46 
36.00 
30.10 


39 


13  43.86 
44.74 

43.94 
46.57 
45.53 
46.76 
45.72 
45.42 
46.01 
44.40 
45.38 
45.69 
45.86 
46.47 
47.17 


-1-1.73 
-j-0.85 
4-1.65 
—0.98 
0.06 
—1.17 
—0.13 
+0.17 
—0.42 
-1-1.19 
-1-0.21 
—0.10 
—0.27 
—0.88 
—1.58 


2.99.-^. 

0.7 

2.722 

0.90(1 

0.004 

1.309 

0.01 ; 

0.029 

0.170 

1.41(; 

0.044 

0.010 

0.073 

0.774 

2.490 


1883.  .Tci.Y  13  — O/'-secrer.  IIenuv  S.  PitrrcmcTT.  X„  (27-;'.4)  =  270  (i'7".24.  vV,,  (27-.S4)  =  1  7'-.01  0.  7i(27) 
=  29.058.  i3  (28)  =29.054.  ii  (29-:;0)  =  29.004.  £  (31-34  )  =  29. OIK!.  r„  (-'7-3(1)  =:  70.0.  T,  (31-;!4) 
=  75.5.      r,.  (27-29)  =  68.      T,.  (30)  =  07.5.      T^  (31-33)  =  0(;.5.      T,.  (.M)  =  00. 


'/  Serpentis 
"  Urs.  Miu. 
p'l  Scorpii 
(;rooni''.2320 
r  Herculis 
"  Seorpii 
A  Draconis 
v;  Herculis 


0.88 
0.96 
0.71 
0.60 
0.38 
0.58 
0.44 
0.06 


4  38.161  57  34  38.16  32  25  29.08  34.5632  26    3.64 

5  6.13128  55  6.13.38  54  58.89  43.9138.55  42.80 
3  44.51  31  18  44.51  58  41  22.73  89.19  58  42  51.92 
3  11.72  118  53  11.72  28  53    4.48i  30.04  28  53  34.52 

2  0.78    97  22    0.78|   7  21  53.54  7.06    7  22    0.60 

3  2.26;  24  38  -2.2665  22  5.54' 118.38  65  24  3.36 
2  20.84  119  47  20.84  29  47  13.60  31.24  29  47  44.84 
0  18.03'  89  55  18.03|  0    4  49.211  O.ds    (i     li;i.2s 


6  47  42.50 
78    9  28.10 

—19  29  6.30 
68  7  21.20 
46  35  45.45 

-26  10  18.80 
09  1  30.90 
39     8  ."i.'i.s.'i 


39  13  46.14 
45.30 
45.62 
46.68 
44.85 
44.56 
40.00 


—0.55 
+0.29 
—0.03 
—1.09 
+0.74 
-1-1.03 
—0.47 


45.13+0.40 


0.302 

0.084 
0.0(11 
1.1 8,s 
0.548 
1.001 
0.221 
0.212 


1>^:!.  .Ii  LV  19 — Ohaerci'r.  11i:ni;v  S.  1'i;itciii;tt.  A',  (35-39)  :=  27(1-'  O' 5".'.)1  .  A",  (40-40)  =  270  "  0'  12". 90. 
.V„  (35-39)  =  17'-.611.  J/„  (40-46)  r=  17'-.479.  iJ  (35)  =  29.208.  7i  (36-371  =  29.270.  jB  (38-39)  = 
29.272.  2?  (40-41)  =29.266.  iJ  (42-46)  =;  29.200.  7!,  (35-37)  =  80.5.  T.,  (38-39)  =  80.0.  T,  (40-40) 
=  77.      T,.  (35)  =83.      T^  (36-37)  =  82.      T^.  (38-:i9)  =  81^.    T^  (40-41)  =  7(;.      T,.  (42-40)  =  75.5. 


a  Bootis 

35 

0.80 

4  12.65 

t  Bootis 

36 

0.13 

0  42.20 

,-;  Urs.  .Alin. 

37 

0.75 

3  57.92 

,-<  Bootis 

38 

0.50 

2  38.60 

,-<'  Liln-iL' 

39 

0.05 

0  15.82 

r,  Draconis 

40 

0.59 

3    6.39 

'  Opliiuchi 

41 

0..53 ' 

2  47.78 

V,  Herculis 

42 

0.07 

2  23.57 

y.  Opiiiuchi 

43 

0.10 

0  32.85 

''  Herculis 

44 

0.20 

1    3.05 

'i'Herculis 

45 

0.66 

3  30.43 

Groom''.  966 

-v- 

46 

0.36 

1  .53.88 

34  12 
20  42 
23  57 
37  38 
50  15, 
33  6 
27  47, 
55  23, 
20  32. 
31  3. 
18  30, 
46  .53. 


25  53.26 
39  23.71 
23  52.01 
37  32.69j 

9  50.09 
32  53.481 
32  25.13 

4  49.34: 
39  40.06 
29  9.86' 
41  42.48 
46  40.97' 


]8.80'19 
ll.OlIll 
37.9235 

1.52    1 
59.00!  48 
22.41 
63.20 

0.08 
30.76 

5.19 

24.84 

119.40 


26  12 

39  34, 
24  29, 
37  34. 
10  49. 
.33  15. 
33  28, 

4  49. 

40  10. 
29  15, 
42  7. 
48  40. 


19  47 
27  34 
74  38 
40  51 

—  8  57 
61  47 

+10  19 
39  8 
9  33 
33  44 
14  31 
74  57 


31.35 
10.0 
14.23 
18.49 
5.54 
0.98 
42.34 
57.08 
37.12 
31.79 
39.35 
32.93 


39  13  44.191+1.40 

44.79+0.80 
44.30 -j-l. 29 
44.28+1.31 
44.21+1.38 
45.09,+0..'-)0 
45.99  —0.40 


46.50 
47.94 
46.84 
46.67 
46.70 


-0.91 
-2.35j 
-1.25 
-1.08 
-1.11 


1.900 
0.040 
1.604 
1.710 
1.90  1 
0.250 
0.100 
0.828 
5.525 
1.502 
1.100 
1.232 


LATITl  I)K    OK    MKltlDlAN    PIKIt. 
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>.  .Iii.vl'O — ObsPi-cer,  Hknkv  S.  I'uik  iiKrr.  A'„  (47-5-4)  r=  27(1 
(47-/12)  =2'J.21C,.  B  (.-).•!)  =r  2;t. 220.  J5  (54)  =  21t.228.  7^.(47 
=  7!».      re(54)=8(). 


_o'— ,s".40.    jV/„  (47-54)  =  17'.5!)0.      B 
">4  )  =  80.     T;.  (47-48)  =  80.     T^  (49-53) 


r  Herculis 
r,  Diaeonis 
A  Diac'oiiis 

r,  Ih'iclllis 

i1  llcie-iilis 
..'HiMc-ulis 

<;^ocMll.llf;(l^ 


47  0.:!!)  2  3.56  97  22  3.5f.,  7  21  55.10 

48  0.57  3  2.24  112  33  2.24  22  32  53.78 
4!)  0.46  2  25.36  11'.)  47  25  36  2!)  47  16.00 

50  0.06  1  0  20.31|  8!)  55  20.31  0  4  48.15; 

51  0.0!)  i  0  2!l.6'.»l  60  20  2!l.66  2'.»  3!)  38.80 

52  0.19  !  0  59.06  84  30  59.06  5  29  9.40 

53  0.65  :  3  25.90  65  18  25.90  24  41  42.56 
54'  0.35   1  ,-,1 .  IL'  155  16  51 .  12  65  46  42. '.'C, 


6.91  7  22  2.01 
22.21 122  33  15.99 
30.67!29  47  47.57 

0.07  0  4  48.22i 
30.51  29  40  9.31 

5.15  5  29  14.55 
24.(;4  24  42  7.20 
118. t;5  65  IS  11  .(;i 


46  35  46.82.39  13  44.81  -(-0.78  0.608 


61  47  1.16 
69  1  32.34 
39  8  57.26 
9  33  37.24 
33  44  31.98 
14  31  39.5(1 
74  57  32.75 


45.17-1-0.42  0.1 

44.77-1-0.82  0.672 

45.48-1-0.11  0.012 

46.55—0.96  0.922 

K;. .-,:', — (i.;i4  o.,ss4 

46.70—1.11  1.232 

l.'i.iM  — (1.05  (i.oo-J 


1  s.s:^.  ,IuLV  28  —  Observer,  C.  W.  PuiTCiiiirr.  .In.  N^  (5.5-60)  =  269°  59'  57".59.  N„  (61-64)  =  269°  59'  45".57. 
Jf„  (5.5-60)  =  17^854.  .V;,  (61-64)  =  18'M41.  i?  (55-56)  =  29.450.  B  (57-58)  =  29.458.  iJ  (59-60)  = 
29.464.  J3  (61-63)  =  29.468.  J3  (64)  =29.478.  7!.  (5.5-56)  =  76.5.  7!,  (57-60)  =  75.2.  7!,  (61-64)  = 
75.0.      7;  (65-56)  =  70.      T^  {hl-M))  =  m.{).      7e   (61-63)  =  68.      7;.  (64)  =  66.4. 


/  ( )|iliiiiclii      ' 
'/'Ik-reiilis       ; 
li  OpliiiK-lii 
(■'  Diaeonis 
''  lleioiilis 
r,  .Serpent is 
\  Dracoiiis 
"  Lynv 
51  Cepheis  p. 
50  Dracouis 


56i 


II 
0.07 

0  21.49 

0.62 

3  17.89 

0.78 

4    5.78 

0.90 

4  44.04  1 

0.47 

2  30.32 

0.26 

1  21.51 

0.30 

1  35.80  1 

0.34 

1  48.76 

0.27 

1  27.84 

0.(;4 

1  32.74 

21  88  2 


II 

.11 

31.27 

.71 

25.26 

.82 

108.82 

.44 

31.26 

.26 

1.89 

.07 

49.89 

.22 

36.44 

.82 

0.53 

.26 

74.75 

.16 

40.30 

9  33 
14  31 
-24  3 

68  49 

37  16 
2  55 

72  41 

38  40 

87  13 

76  18 


38.20 
40.71 
55.40 

2.20 
17.81 
27.90 
13.39 
.50.24 
15.6 

2.20 


39  13  45.58 
45.67 
45.24 
44.50 
46.96 
46.06 
46.73 
47.55 
47.34 
44.74 


+0.01 
0.08 
-1-0.3 
-1-1.0 

-1.;! 
—0.4 

1.14 
—1.96 

1.75 
-(-0.84 


0.000 
0.006 
0.122 
1.190 
1.877 
0.221 
1.300 
3.842 
3.062 
0.706 


1S83.  AroLST  1  —  O/iservr.  f.  W.  Pinn  iiktt,  ,1i!.  X„  (65-71)  =269'  59'  52".7;i.  ^';,  (72-74)  =269'  59'  51  ".2(1. 
M..  (6.5-71)  =  18'.U33.  M„  (72-74)  =  18'.o52.  B  (65-69)  =29.240.  B  (70-71)  =29.242.  B  (72-73)  = 
29.246.  £(74)  =20.2.52.  T^  (6.5-66)  =  71 .9.  T,  (67-69)  =  71.8.  r,.  (70)  =  71.5.  7^  (71-73)  =  71. 
7".,  (74)  =  70.6.    ^e  (65-66)  =74.1.    7;  (67-69)  =  74.     T^.  (70)  =  73.     Te{7l)  =  70.    Tc  (72-74)  =  68. 


c  Corona' 
T  Herculis 
r,  Urs.  Miu. 
A  Dracouis 
v;  Ilerculis 
d  Hereulis 
w'Herciilis 
(  Hereulis 
.'I  Hereulis 
'■'  Hereulis 


65 

0.14 

0  45.09 

66 

0.35 

1  49.52 

67 

0.42 

2  13.47 

68 

0.41 

2  11.43 

6i» 

0.02 

0    7.39 

70 

0.15 

0  46.20 

71 

0.61 

3  14.21 

72 

0.08 

0  25.65 

73 

0.74 

3  55.39 

74 

0.46 

2  25.46 

84 

97 

126 

119 

89 
84 
65 
96 

78 


5    4 

7  21 

36  47 

29  47 

0  4 

5  29 
24  41 

6  50 
11  25 

1  57 


7.64 

4.80 

56.79 

7.04 

20.74 

40.47 

18.70 

31.00 

45.34 

0.08 

6. 53 

5.21 

38.52 

25.09 

34.46 

6.58 

55.80 

11.08 

25.73 

1.8; 

5    4 

7  22 

36  48 

29  47 

0  4 

5  29 
24  42 

6  50 
11  26 

1  57 


12.44 

3.83 

0.21 

49.70 

45.42 

11.74 

3.61, 

41.04J 

6.881 

27.60 


34  9  34.46  39  13 
46  35  48.621 
76  1  46.22t 
69  1  34.30; 
39  8  59.26 
33  44  34.12 
14  31  41.28i 
46  4  27.81 
27  47  39.701 
37  16  18.66 


— 1. 

+0. 
— 0 

+0 

+0 
— 0. 

+«■ 

— 1. 

i— 0 
— 0 


1.716 
0.640 
0.176 
0.980 
0.828 

0.07; 
0.490 
1.392 
0.980 

0.449 


:u 


I'l  ui.icArioNs  (IF  >ii)i;i:is()N  ohskiina  toky. 


;.  Ai  ..r-T  .i  —  Obsi'i-rcr,  ('.  W.  I'uin  iikit.  .Ii;.  X„  (7.')-7.S)  =-J(;i)"'  ;V.I'  l,S".(;-_'.  ^V„  ^7'.I-.S1  )  =2(i;»°  oil'  ID". 26. 
.!/.,( 7.-)-7.s)  =  18M)7;{.  .V„(7!l-8l)  — l,S'-.()i)5.  7J  (7.")-77)  =  •2;i.4;?S.  /i  (7.S)  =  29.446.  7i  (7'.))  =  29.442. 
/i(.s0-81')  =  29.450.  7'„(7.')-77)=:69.7.  y'„(78)  =  69.  'A  (79)  =()8.7.  7',,  (80-81  )  =  68.;").  7',.  (7;')-77) 
=  61.     2;(7«)=58.9.     ?;.  (79)=57.2.     T,.  (80-81)  =  56.5. 


Stahs. 

.„. 

B.  Runs 

MIcsps. 

C" 

' 

R 

6 

0 

" 

,.,. 

<?  Herciilis 

75 

0.13 

0  41.28 

84  ;50  41.28 

C          1             II 

5  29     7.34 

5.37 

5  29  12.71 

33  44  34.40 

39  13  47.11 

—  1.52 

2.310 

i'  Herciilis 

76 

0.59 

3    8.04 

65  18     8.04 

24  41  40.58 

25.70 

24  42    6.28 

14  31  41.42 

47.70 

—2.11 

4.452 

■  Herciilis 

1 1 

0.02  !  0    5.24 

25  55    5.24 

64    4  43.38 

114.80 

64    6  38.18 

—24  52  50.51 

47.07 

—2.08 

4.320 

1   Herciilis 

78 

0.08     0  23.88 

96  50  2;5.80 

6  50  35.26 

6.74 

f)  50  42.00 

46    4  28.12 

40.12 

—0.53 

0.281 

/.  .Saufittarii 

79 

0.74     :!.-)4.41 

25  18  54.41 

(U  40  45.83 

118.41  ('.4  42  44.24 

— 25  28  56.98 

47.2(i 

—1.07 

2.79(1 

1  A<iuila' 

.so 

0..")(l     2  .T.I. (12 

42  27  39.02 

47  32     1.2;> 

(;i.5(;47  .33     2. 78 

—  8  19  10.14 

4(;.04 

—  1.05 

1.102 

u   ].\v:v 

SI   o.;!-i     1   i(;.iis 

s'.i  2i;  1(1.  OS 

(1  :'<■>  .■)1.4(i 

0.55    0  .-.2  54.71 

3s  40  51.(;i 

4(;.;;5 

— 0.7(! 

0.578 

18.S3,  AriiisT  6  —  Observer,  C.  W.  PunrnEXT,  Jii.  ^V„  (82-88)  =  209°  59'  50".10.  Ii,,  (89-94)  =  269°  59'  54". 74. 
jy;,  (82-88)  =  18'-.052.  J»f„  (89-94)  =  17'-. 950.  7J  (82)  =  29.408.  7i  (83-84)=  29.470.  7?  (87-90)  =29.4(;8. 
7J  (91-92)  =  29.402.  7?  (9.3-94)  =  29.472.  T;.  (82)  =  71 .0.  T,  (83-84)  =  71.5.  7',  (S.VSO)  =  70.8.  7\^ 
(S7-92)  =70.0.  7',  (9.3-94)  =  70.5.  r„  (82)  =70.9.  7',.  (83-84)  =  69.0.  7',.  (85-8(;)=  07.5.  7;.  (87-8S) 
=  07.3.    T;  (89-92)  =  07.    T^  (93-94)  =  06.5. 


./Camel''  s.p. 
i  I'ls.  iliii. 
'/'Heiculis 
'I  OpIiiiR-hi 
'i  Ophiuclii 
<«Dracouis 
t'Draeoiiis 
o  Herculis 
22  Camel'' s.p. 
n  Irs.  Mill. 
/,  .Serpeiitis 
.J'Draconis 
51  Cei)hei  s.)). 


1  " 

82  0.86 

'        "     1 
4  32  31 1 

83  0.81 

4  11.74 

84 

O.OO 

3     9.821 

85 

0.03 

0     0.39 

80 

0.10 

0  31.92: 

87 

0.87 

4  30.97! 

88 

0.61 

3  12.16 

89 

0.28 

1  29.48 

90 

0.42 

2  14.72' 

91 

0.42 

2    0.72 

92 

0.29 

1  31.11 

93 

0.34 

1  47.20 

94 

0.31 

1  39.00 

34  32.31 
59  11.74 
18  9.82 
55  0.39 
25  31.92 
34  30.97 
58  12.10 
31  29.48 
22  14.72 
22  0.72 
51  31.11 
20  47.20 
31  39.60 


34  42.14 
59  21.57 
41  40.35 

4  43.78 
34  18.25 
34  40.80 
58  21.99 
28  25.20, 
22  19.98 
22  11.98 

8  23.631 
20  52.52' 
31  44.92 


195.94 
51.32 
25.33 

113.1404 
27.O4I26 
31.38|29 
35.8532 
10.2310 

102.50,71 
59.9547 
50.00142 
36.56133 
74.7053 


'         "     1 
37  58.08 

0  12.89 

42    5.68 

6  36.92 

34  45.89 

35  18.18 

58  57.84 

28  35.49 

25    2.48 

23  11.93 

9  13.63 

27  29.08 

32  59.08 

30  39 
74i 

78j 
60I 

ooj 

20| 
17i 

42! 
.39' 
801 
18 
70| 
30 


13  46. 
40. 
47, 
46. 
45. 
4(). 
44. 
43. 
45. 
44. 
46 
46. 
47. 


62 

—1.03 

85 

—1.26 

76 

—1.87 

32 

—0.73 

89 

—0.30 

02 

—0.43 

33 
91 
13 

87 
45 

4-1.26 
4-1.68 
-1-0.46 
4-0.72 
—0.80! 

62 

—  1.03 

03 

—  1.44 

1.061 
1.588 
3.497 
0.533 
0.090 
0.185 
1.588 
2.822 
0.212 
0.518 
0.740 
1.001 
2.074 


1S.-J3.  Au<a-.sT  H— Observer,  C.  W.  Piutciiktt,  ,Jk.  N„  (95-98)=  209°59' 50".03.  M„  (9.J-98)=  18'.()29.  B  (Uo-'.IC, 
=  29.274.  B  (97-98)  =  29.208.    7;  (9.5-96)  =  71.5.   7;  (97-98)  =71.4.      T,.  (9.3-98)  =  69.9. 


■'>  Herculis 
r-Sagittarii 
o  Herculis 

r,  Seriieiitis 


95 

0.46 

2  27.63 

96 

0.60 

3  11.85 

97 

0.27 

1  24.98 

9S 

0.27 

1  26.32 

88  2  27.63  1  57  23.01 
20  23  11.55  69  36  39.09 
79  31  24.98|10  28  25.66 
47  51  20.32  42     S  24.32 


1.87|  1  57  24.88 

145.75  09  39    4.84 

10.10  10  28  35.70 

49.4042     9  13.72 


37  16  19.95 
30  25  21.34 

28  45  8.79 

-  2  :>:,  27.03 


39  13  44.83 
43.50 
44.55 
40.69 


+0.76 

4-2.09 
4-1  04 
1.10 


0.578 
4.308 
1.082 
1.210 


1SH3,  AiiiLST  16  —  Observer,  C.  W.  PiinriiK-rr,  Jii.  N„  (99-109)  =  209°  59'  51".54.  xV„  (110-112)  =  209°  59' 
51".63.  Jtf„  (99-109)  =  18^.0.33.  3/„  ( 110-112)  =  18^022.  TJ  (99-102)  =  29.338.  7^  (103-106)  =  29.340. 
7i  (107-1 11  )  =  29.344.  7?  (1 12)=  29.346.  r,.  (99-104)  =  75.4.  7'„  (105-106)=  75.2.  7\  (107-109)  =  75.0. 
ra(110-112)  =  74.9.  7;  (99-100)  =  74.  T^.  (101-104)=  73.2.  7;.  (105-106)=  71.5.  7',,  (107-109)=  71 .2. 
J„  (110-111)  =  70.9.      7;  (112)  =  70.2. 


^  Draconis  99  0.87 
/  Herculis  100  0.09 
./Herculis       101   0.75 


4  34.82'103  9  34.82ll3  9  43.29 
0  29.86  96  50  29.80  0  50  38.33 
3  .58.32    78  33  58.32  11  25  53.21 


12.70 

6.52 

11.00 


13    9  55.99 

6  50  44.85 

11  20    4.21 


52  23  40.04  39  13  44.05|-|-l.,54l  2.372 
46    431.23!  46.381—0.79  0.624 

27  47  42.061  46.27!— 0.08  0.402 


LATITUDE    OF    MKIMDIAN     1*1  HI!. 


SIAlls.             ,  No.   E.  UiMis      Mlcsps. 

1    i 

r                             :                      1! 

< 

rt                               0                       1- 

1 

,.,. 

II"         1       tl 

c       /               II          c       1            II 

/( 

C         /              II 

C        /             II        \    C        1             II       \             II 

./  IK'iculis       102  0.47    2  2«.97 

88    2  28.97'   1  57  22.56 

1  .)^G 

1  57  24.4  2      37  16  21.39  39  13  45.81  — 0.22| 

0.048 

;-S:ii,nttaiii       10:5   O.fiO     3     HMJ 

20  23    8.92  69  36  42.61 

145.40  69  39     S.Ol!— 30  25  21.66 

46.35 — 0.76i  0.578 

22C:uiul"s.p.  104   0.42     2  14. (i2  KU  22  14. (•,2  71  22  23.01) 

160.00i71  25     3.09      69  21  10.87 

46.04'— 0.45'  0.202 

/,  Seipcntis      105O.2'.l     1  2.S.(I5;   47  51  2.S.05  42     8  23.4.S     4!). 37142     !»  12.85|—  2  55  2(5.47 

4(;.:is — ((.Til 

0.624 

M)nic-oiiis      lOG  0.34     1  48. '.lO  12^  2(!  4.S.<.)t;  33  26  57.43 

36.06  33  27  33.49 

72  41   18.01 

44.52  +  1.07 

1.145 

1  Aquiliv         107i  0.54 

2  51.06 

42  27  51.06  47  32    0.47 

59.61 

47  33    0.08 

—  S  19  15.54 

44.54 -j-1. 05 

1.102 

«  I,vi!V            108;  0.38 

2    1.30 

89  27     1 .30'   0  32  50.23 

0.52 

0  32  50.75 

3S  40  54.49 

45.24+0.35 

0.122 

51  C'epluM  sp.jlOo'  0.33 

1  42.73 

143  31  42.72  53  31  51.19 

73.75 

.53  33    4.94 

87  13  10. SO              44.26-1-1.31 

1.716 

r  A(iinlii'          110   0.(;3     3  1.S.43 

64  2S  18.43  25  31  33.19 

26.13 

25  31  59.32 

13  41  46.15             45.47;-(-0.12 

0.014 

25C;iiueli's.i).|lll    0.31)     2     3.(;4  14.S     7     3.(;4  58     7  12.02 

87.56 

58    8  39.58 

82  :i7  35.1:!              45.29 -|-0.:JO 

0.090 

rf  .Sagittarii     112  O.Gl     3  14.51    31  .-.s  M.51.5.S  -Jl  37.11 

88.55 

58  23    5.66 

—19    '.1  2o.,s/i             -U.S6-i-0.73 

0..5;33 

l.s.s;!.   An.i>T  20  —  O/wpcw/-.    C.    W.    Pimk  jiett.  Jk.      .Y.,  (11;'.-121)    =   261)°  .5J)'  48".27.      M„  (113-121)  = 

l.S'.0-l(;.      />'  (H.-I-UC)  =  2i).2(;0.       />•(  117-1  l.s)  z=  211. 25(;.       i"  ( 11:1-120)  =29.262.      i'  (121  )  =  29.25.S. 

7;  (1  ■•■'•-I  lit  =  74.      7;  (114-121)=  73. s.      7',    (113-114)  =(;:!.. ■!.      7',   (  1  l.'.-l  16)  =  69.5.     7',.   (117-121) 
=  69.1. 

II 

(          //     j     c       ;          <i      1  0      f          ;/ 

// 

C        1             II 

0      ;          II         0      /          ;; 

" 

,1  DiaconisR 

113 

0.54 

2  51.06  236  32  51.06  33  26  57.21 

36.10 

33  27  33.21 

72  41  18.93  39  13  45.62 

—0.03 

0.001 

51C'ephei  s.p. 

114 

0.31 

1  :38.26  143  31  38.26  53  31  49.99 

73.81 

53  :33    3.80 

87  13  10.(X)             46.20 

—0.61 

0.372 

"  AqiiiiiT? 

115 

0.62 

3  15.09    64  28  15.09  25  31  33.18 

26.10 

25  31  59.28 

13  41  46.66             45.94 

—0.35 

0.122 

d  Sagittarii 

116   0.61 

:!  11.42    31  3S  11.42  58  21  36.85 

88.41 

5S  23    5.26 

—19    9  20.83  .          44.43 

+1.16   1.346 

7  Dracoiiis  R 

117   0.09 

0  29.44  2:16     5  29.44  33  54  18. S3 

36.74  33  54  55.57 

73    8  41.88             46.31 

— 0.72   0.51S 

p  t'ygui 

lis   0.S5 

4  30.72i   78  29  30.72  11  30  17.55 

11.13  11  30  28.68 

27  43  16.45             45.13 

+0.46 

0.212 

z  Aquilie 

119   0.02    0    8.33    43  30    8.33|46  29  39.94 

57.57  46  30  37.51 

7  16  52.58             44.93 

-1-0.66 

0.436 

/.  Urs.  Mill. 

120  0.50    2  25. .SI  139  42  25.81'49  42  37.54 

64.43  49  43  41.97 

88  57  26.31             44.34 

+1.25 

1.562 

7  Aqniia- 

121    0.71  '  :■.  55.1  1     57  4:1  55.1  1  32     5  5:1.16 

34.53  32    I!  27.(;'.t 

6  57  17.46              45.15 

-1-0.44   0.1:14 

l.s«3.  Aur.rsT  -21  — Obserrer.  C.  W.  I'ltrniiKTr.  Ji;.     .Y„  (122-13(1)  =  2(;:i"  M'  55".54.    X,  (122-130)  =  17'.921. 

B  (122-123,=  29.142.    li  (124)  =  29.146.   B  (125-12(i)  =  29.152.   B  (127-130)  =  29.1(12.    7],  (122-123) 

=  .si).,s.      ?;,  (124-126)  =  .S0.5.      r„  (127-130)  =80.3.     7",.  (122-12.3)  =  si. 5.     7;.  (124-1  26)  =  si. 2.      7\. 

(127-12S)  =sl.      7;.  (129-130)  =80.5. 

.    II 

/        II 

c       (          II        0     1          li                 (;     j  0     /          (( 

0     ;         ;/ 

0     /        /( 

II 

;•  IlerculisR 

122  0.15 

0  47.95 

281  25  47.95  11  25  53.45     10.76,11  26    3.21 

27  47  42.64 

29  13  45.85 

—0.26 

0.068 

j-  DiaconisR 

123  0.61 

3  17.40 

257  43  17.40  12  16  38.01     11.32il2  16  49.33 

51  30  34.64 

45.31 

+0.28 

0.078 

■;  I'ls.  Jlin. 

124  0.42 

2  13.22 

137  22  13.22  47  22  17.72    57.77  47  23  15.49 

86  36  59.80 

44.31 

+1.28 

1.638 

/,  Serpentis 

125'  0.28 

1  29. 7S 

47  51  29.7842     8  25.72     48.14  42     9  13.86 

2  55  26  16 

47.70 

-2.11 

4.452 

I'Diaconis 

126  0.36 

1  .54.68 

123  26  54.68:^3  26  59.18    35.16  33  27  34.34 

72  41  19.13 

44.79 

+0.80 

0.640 

a  Lyi'iv 

127  0.40 

2    4.86 

89  27    4.86    0  32  50.64       0.51    0  32  51.15 

38  40  .55.42 

46.51 

—0.98 

0.960 

51  C'epliei  s.p. 

128  0.34 

1  47.61 

143  31  47.61  53  31  52.11     71.9353  33    4.04 

87  13    9.75 

46.21 

—0.62 

0.384 

y  Lvr.-v 

I29I  0.65 

3  27.02 

83  18  27.02    6  41  28.48       6.27    6  41  34.75 

32  32  11.14 

45.89 

—O.'M 

0.090 

/    I.yni'             l;!0   0.32 

1  40.29    S(l  41  40.29    3  IS  15.21       3.08    3  18  18.29 

35  55  26.24 

44.53 

+  1.06 

1.124 

1883,  August  23  —  Observer,  C.  W.  Pkitcuktt,  Ju.     JV„  (131-136)  =  269"  59'  46".20.    ^V„  (137-142)  =  269°  59' 

53".!)4.      3/,,  (131-136)  =  IS'.  143.     J/„  (137-142)  =  17'-.951.     B  (131)  =  29.404.     J5  (132)  =  29.410.    7.' 

(133-134)  =29.418.    B  (13.5-136)  =  29.424.    5  ( 137-140)  =  29.4.30.     7J  (141-142)  =  29.432.     7-,.  (I'il) 

=  69.9.    r.,  (132)  =  69.4.    r„  (133-134)  =  69.1.    7!.  (13.5-136)=  69.0.    Ta  (137-142)  =  68.0.   7^,(131)  = 

66.0.     Te  (132)  =  63.9.     T,  (13.3-130)  =  62.1.     7",  (137-140)  =  58.5.     T^  (141-142)  =  58.8. 

■'/  Herculis 

131|  0.46    2  24.00;  88    2  24.00 

1  57  22. 2( 

1.89 

1  57  24.09 

37  16  22.37139  13  46.46—0.87 

0.757 

/^Sagittarii 

132 

0.59  1  3    7.56'   20  22    7.56 

69  36  38.64 

148.13 

69  :39    6.77 

— ;10  35  21.8s             44. SI)  -|-0.7( 

0.490 

'J  Urs.  Miu. 

i;33 

0.38 

1  59.55  137  21  59.55  47  22  13.35 

6O.49I47  23  13.84 

sc  37    0.20             46.36 — 0.77 

0.593 

.•)() 


rr)U.UATI»)\S    OK    MOHKISOX    OllSKIiVATOKY. 


Serpentis  134  0.27 
I  DracouisR  13;")  O.oS 
.1  tViilieis.p.  136  0.30 
,   Lviii>  137  0.32 

.'.".Caineli's.p.  13.S  0.3".t 
'  Lviiv  jl3!l  0.40 

-  l)r:u'onis  R  140  0.11 
A.|iiila'  141    0.0.-) 

rr>.  Mill.     U-J   0.47 


1  2o. 

2  48. 

1    3.K 

1  40. 

2  3. 


20.64 

:)«.62 

4M..S2 
13. lit 
l».fi7 
4.j.;)7 
20.21 
3!l.27 
.-!.■).  I. •! 


50.49 
36.88 
70.41 

3.24 
!)0.03 

1.27 
37.73 
;■>!). 06 

ec.ii 


9  11.13 
26  35.50 
33  4.23 
18  16.43 

8  3:1.70 
17  47.24 
54  57.94 
30  3s.. -{3 


-  2  55 

72  41 
87  13 
35  55 
82  37 
37  55 

73  8 

-  7  16 


26.20 
19.58 
9.30 
27.68 
34.26 
58.51 
42.66 
52.46 
2  7. 20 


39  13  44.93 
44.08 
45.07 
44.11 
46.04 
45. SI 
44.72 
45.87 
45.66 


+0.66 
-i-1.51 
+0.52 
-I-1.4.S 
—0.45 
—0.22 
+  1.87 
—0.28 
—0.07 


0.436 

2.2HO 
(t.27o 
2.190 
0.202 
0.048 
0.759 
0.078 
0.00.") 


iss.l.  AKiisT  29  —  Obsen-er.  C.  W.  I'm  k  iirrr.  .Ik.  .V„  (14:5-149)  =  270=  0'  2".;;7.  X,  (150)  =  269°  59'  53".52. 
.1/,,  (143-149)  ==17^827.  J/„  (150)  =  ISMIOC.  5  (14:i-144)  =  29.31  6.  /J  (115-146)  =  29.324.  B 
(147-150)  =29.332.  r«  (143-144)  =  72.6.  3^  (145-14.S)  =  72.5.  jT,.  ( 149-150)  =  72.1.  7',.  (143-14.S) 
—  ex.      Te  (149)  =66.9'.      7;  (150)  =  65.6. 


7,  Serpeutis  143 
/.  Sagittarii  144 
1  AquiliE  145 
/LviiK  116 

il  Cepliei  s.p.  147 
!5C:iiiiel''s.p.  148 
-  Draconis  R  149 
.'Aiiiiilii'  15(1 


0.31  I  1  38.38  47  51  38.38  42  8  23.98 
0.81  :  4  15.30  25  19  15.30  64  40  47.06 
0.57  3  0.47  42  28  0.47  47  32  1.89 
0.42  2  13.39  89  27  13.39  0  2  48.97 
0.36  1  53.76  143  31  53.76  .")3  31  51.40 
0.44  2  18.36  148  7  1S.36  58  7  16.00 
0.13  0  41.78  236  5  41.78  33  54  20.58 
0.48    2  .33.13  310  22  33.13  40  22  39.61 


49.65;42  9  13.63 
115.45  64  42  42.51 
59.94  47  33  1.83 
0.53 1  0  2  49.50 
73.99  53  33  5.39 
.S8.05|5.S  8  44.05 
36.99j33  54  57.57 
46.87  40  23  26.48 


2  55  25.92 
25  28  57.59 
—  89  15.04 
38  40  56.76 
,S7  13  M.OO 
82  37  32.17 
73     8  44.14 

1     9  41.20 


39  13  47.71 
44.92 
46.79 
46.26 
46.61 
43.78 
46.57 
45.28 


—1.12 

+0.67 
—1.20 
—0.67 
—1.02 
+  1.81 
—  1.98 
+0.31 


1.254 

0.449 
1.440 
0.449 
1.040 
3.276 
3.920 
0.096 


I.N.N.;.  Ar-a  ~r  :n  —  Ohserfcr,  C.  W.  I'ltm  iiktt,  .Ih.  .V„  ( 151-161  )  = -.'(ill"  5;t' 54".3.S.  J/„(151-161)  =  17'. 942. 
/i  (151-152)  =  29.344.  ii  ( l.j:i-156)  =  29.346.  i?  (157-15S)  =  29.350.  7^  ( 151-152)  =  75.3.  T^ 
(1.53-l.j«)  =  75.0.  T.,(  159-161)  =  29.354.  ?;.  (151  =  152)  =  74.9.  T^  (153-154)  =  74.2.  7^(155-156) 
=  74.0.     7;  (157-158)  =  73.9.     T^  (159-160)  =  73.2.     T^  (161)  =  72.9. 


1  A.niiiii'  151 
il  Ct'pliei  s.p.  152 
■poDiaeouis  153 
'  Aquilae  154 
.'5Cainel''s.p.  155 
'J  Sagitt.irii  156 
r  Drucoiiis  157 
(5  Cvgni  158 

^  Sagittit  159 
;  Uis.  Mill.  160 
-  Aqiiila-  161 


0.54 
0.34 
0.70 
0.64 
0.41 
0.62 
0.81 
0.88 
0.83 
0.48 
0.76 


2  52.94    42 

1  47.49  143 

3  41.55  126 

3  21.92    64 

2  10.73  14H 

3  17.12    31 

4  17.81  123 

4  38.75  78 
4  16.38  67 
2  35.36  139 
4    1..54    57 


27  52.94  47  32  1.44 
31  47.49  53  31  53.11 

3  41.55  36  3  47.17 
•>H  21.92    5  31  32.46 

7  10.73  58  7  16.35 
38  17.12  58  21  37.26 
54  17.8133  54  23.43 
29  38.75111  30  15.63J 
59  16. .38122  0  38.00i 
42  35.36  49  42  40.98 
44    I.54I32  15  52.84 


59.19  47  33 
73.24  53  33 
39.4836  4 
25.94  5  31 
87.12'.58  8 
87.92:58  23 
36.53133  54 
11.0711  30 
22.0122  1 
64.12j49  43 
34.38  32  16 


0.63 

6.35 
26.65' 
58.40! 
43.47 

5.18- 
59.96 
26.701 

0.01 1 
45.10! 
27.22 


8  19  15.0239 

87  13  7.75| 
75  18  10.76i 
13  41  47.88 
82  37  31.84 

-19  9  20.98 
73  8  44.54 
27  43  18.82 
17  12  44.99 

88  57  29.40 
6  57  18.60 


13  45.6I;— 0.02 
45.90—0.31 
44.1l!+1.48 
46.28—0.69 
44.79+0.80 
44.20 -j-1. 39 
44.58-1-1.01 
45.52  4-0.071 
45.00-1-0.59: 
44.30+1.29 
45.82—0.23 


0.000 
0.096 
2.190 
0.476 
0.640 
1.937 
1.020 
0.005 
0.348 
1.664 
0.053 


1H)S3.  Skitf.misek  3  —  Obsen-er.  C.  W.  Pkit.  iii;rr,  .lu.  ^\'i,  (162-167)  =  270"  0'  5"..S6.  3/„  (162-167)  =  17''.73s. 
y„  (168-170)  =  269°  59'  58".12.  JJ/.,  ( 168-170)  =  17''.905.  B  (162-163)  =  29.388.  B  (164-167)  =  29.390. 
Zi  (16H-170)  =  29.398.  Ta  (162)  =  75.5.  7;  (163)  =  75.2.  Ta  (164-167)  =  74.9.  7;  (168-170)  =  74.5. 
7;.  (162)  =  71.5.      7;  (163)  =  70.2.      T^  (164-167)  =  69.9.      7^  (168-170)  =  69. 


Lvvit  162  0.44 

1  Cepliei  s.p.  163  0.38 

Aqiiila  R     164  0.30 

)Camel''s.p.  165  0.40 


2  18.39    .S9  27  1H.39    0  32  47.47: 
1  .>8.49  143  31  5.S. 49,53  31  52.63 

1  37.22  295  31  37.22  25  31  31.36, 

2  19.84  148    7  19.84:58    7  13.98 


0.521  0  32  47.99 
73.99J53  33  6.62 
26.23|25  31  57.59 
88.04158    «  42.02 


38  40  57.41  39  13  45.40 
.S7  13     7.30  46. OS 

13  41  48.13  45.72 

.S2  37  31.34  46.64 


+0.19 
—0.49 
—0.13 
—1.05 


0.036 
0.240 
0.017 
1.102 


I.A'rn  TDK    OF    AFKItlDIAX     IMKR. 
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.,.,.. 

Xo. 

E.  Runs 

Mlvsp-. 

! 

,-. 

■' 

0       '         "    1  0    ' 

//       1    0       '               " 

Q           1               //          1     0        '                  " 

" 

r  Di'iiconis  K 

16C 

0.13 

0  41.73 

236    5  41.73  33  54  24.13 

36.91:33  55    1.04 

73    8  45.27  39  13  44.23 

-f-1.36 

1.850 

/  Urs.  Mill. 

167 

0.51 

2  44.40 

139  42  44.40  49  42  38.54 

64.6949  43  43.23 

88  57  30.00             4  6.77 

—1.18   1.392 

r  Aquilie 

16« 

0.16 

0  49.53 

302  15  49.5:132  15  51.41 

34.68  32  16  26.09, 

6  57  18.90 

44.99 

-1-0.60  0.360 

ry,Cygni 

16!) 

0.91 

4  48.81 

97     9   18. 81     7     '.1  50.69 

6.91     7     9  57.60' 

46  23  41.97 

44.37 

4-1.22!  1.488 

y  C'ygiii 

170 

0.88 

4  39.28 

90  :\\\  :\\\.-lx    II  :!'.!  11.  Hi 

ii.C,:',    II  .".'.I  41.79 

39  53  26.41 

44.62 

-1-0.97  0.941 

iss:'),  Ski'Tkmiikk  5  —  Ohnerver.  ('.  \\'.  l'i;rii  iiirn.  .Ii;.    . 

\',.  (  171-177)  =  26!l° 

59'  59".30.  3/„  (171-177)  =  17'.5.i(i. 

/i(171 

-172)  =  2!».524.  7i  ( 1  7.!-175)  =  2i).52.s.   Ii 

(176-177)  =29.530. 

7',  (171-173)  =  68.4.    7^(173-175) 

^  SagittjE 

.      7'„  (176-177)  =  67.2.      r„  (171-172)  = 

611..'..      Tc  (173-175 

=  5,s.ii.      r,.(  176-1 77)  =  57.2. 

171   0.84 

4  23.85!  67  59  23.85  '22    0  35.45 

22.70  22    0  58.15 

17  12  45.54 

0    '        " 
39  13  43.69 

-fl.90 

3.610 

/.  I'ls.  Mill. 

172  0.49 

2  36.56  139  42  36.56  49  42  37.26 

66.12  49  43  33.38! 

88  57  30. .50 

47.12 

—  1.53 

2.341 

o,C'ygiii  U 

17.!|  0.02 

0    8.57  262  50    8.57    7    9  50.73 

7.09    7    9  57.82 

46  23  42.44 

44.62 

-1-0.97 

0.941 

Y  Cygiii 

17-1    0.88 

4  39.70    90  39  40.40    0  39  40.40 

0.65    0  39  41.05! 

39  .53  26.89 

45.84 

—0.25 

0.062 

'^  Cygiii 

175,  0.64 

4  22.94    95  38  22.94    5  38  23.64 

5.57    5  38  29.21 

44  52  15.06 

46.85 

—1.26 

1..588 

r  C'vglli 

17(;i  0.70 

3  43.771   84  18  43.77'   5  41   15.53 

5.62    5  41  21.15! 

33  32  25.57 

46.72 

—1.13 

1.277 

)'  C'yiiiii 

177  (I..S7 

t  42.66'   91  29  42.66     1  29  4.i.:!6 

l.is    1  29  M.S4 

40  43  31.04 

46.20 

—0.61 

0.372 

Iie><i(Its  from  Second  Si-rit-s.  The  iiu'iin  vjiliic  of  <|),  resulting-  from  tlie  (second 
series  of  ol)serv;itions,  \s  4,  ^  :{9°  l;^'  A')" ')*;).  The  sum  of  tlie  squares  of  tlie 
residuals  =  [re]  =  187.7.17.  Ileiiee  the  probable  error  of  a  single  oliservation  is 
±0".70;  and  the  ])rol)al)le  error  of  the  arithinetie  mean  is  ±  0".05.  Ilenee,  finally, 
<|,  =  -MP  13'4.i;"..19±(r.().l 

It  will  I)e  seen  on  comparison,  that  the  probable  error  of  any  single  obser- 
vation, in  the  second  series,  is  a  little  more  than  twice  as  great  as  in  the  first. 
Several  reasons  may  be  assigned  for  this.  First,  the  earlier  and  later  observations 
are  l)y  ditferent  ol)servers.  Second,  there  is  room  for  a  much  wider  range  of  error 
in  the  assumed  star  places,  extending  as  they  do  from  the  ]K)le  to  120°  of  north 
polar  distance;  while  the  stars  of  the  former  series  are  limited  to  iViur  in  tlie  im- 
mediate vicinity  of  the  pole.  Third,  the  anomalies  of  refraction  must  necessarily 
have  greater  infiuence  in  the  second  series.  Comparing  the  actually  occurring 
errors  of  the  series  with  those  demaiuh'd  l)y  theory,  it  Avill  be  seen  that  the  en-ors 
do  not  run  quite  so  smootlily  as  in  the  firmer  series. 


Niiuiber  of  errors  demandetl  by  theory,  less  thiin  I     \  r 

=       47 
Number  of  errors  actiuilly  occurring,                =       36 

«8 
69 

ir 
122 
115 

2  )• 
146 
152 

2  '• 
161 
163 

3  r 
170 
174 

The  error  standing  exactly  in  the  middle  place  of  all  the  errors,  in  order  of 
magnitude,  is  0.84;  which  by  theory  should  be  equal  to  the  probable  error.     Xot- 


Jt8  ri  iti.UA'i'ioNs  OK  >ioi;i;is<)N  ohskknatokv. 

witlistjiiHliii^'  llu'sr  v;ii'i;itii)iis  in  tlir  (listriliiiliDii  nl' t'li'tirs,  the  mean  rc-iill  and  its 
])rol)al)k'  error  is  idontic-al  with  liiat  of  the  loriuor  series.  Tiiis  is  duv  to  the  iai-<;x'r 
nuinlHT  of  ohsi'rv;itions. 

MI.ASl  i;i;s    OK    DOIHI.K    ST.Vl.'S. 

'Vhv  foUowiuii'  li-t  contains  thr  nicasiii-cs  of  (h)nlilc  stai-s  made  dui-in^'  parts  of 
till'  vcars  ISSO-Sl,  whik'  Mi-.  lU-nrv  S.  I'ritchctt  was  t-onncctcd  with  the  ()l)sc'rva- 
torv.  It  contains  no  othi'r  stars  except  six  or  eit^lit  nieasnri'd  hv  him  in  the  snni- 
mer  of  1884,  and  a  fi'W  In  invseif  in  ISSi!.  Anotht'r  hst  of  niiseelhnu'ons  stars, 
])revioiisly  iiu-asin-t'd,  appeal's  in  anotlier  part  of  this  pnljhcation.  This  catalo,<>-iie 
contains  lint  a  small  fraction  of  tlu'  woi-k  in  tiiis  field  which  was  planned.  The 
intoiition  at  starting' was  to  I'cnieasnri'  nearl\  all  the  doid)lc  stars  of  2',  02'.' //,.//,  and 
p",  for  which  previous  nicasuri's  were  insulHcicnt  to  di'tt'i'ininc  the  nature  and  pi'o- 
g^re.ss  of  the  motion,  nsin^i'  in  the  stdcction  of  such  stars  the  sugg-estions  and  com- 
parisons of  othei- ol)servers.  Of  special  use  in  this  selection  wei'c  tlu'  ('af(iJi)(//ii: 
Etoihs  D(itihJ(s  it  Miiltiplt s,  par  Flamniai'ion;  tlu'  Ilniidhook  of  nimhlc  Stiirs,  by 
Crossk'V,  GkHlhill  &  Wilson;  the  Pnhlieations  of  the  Cincinnati  Observatory;  the 
Catalogue  of  Prof.  Hall;  and  the  various  ('atalognes  of  ]V[i-.  Burnliam.  Two  very 
])oteii1  causes  served  to  trusti-atc.  in  a  lai-gi'  nieasurt',  our  oi'iginal  plan.  One  was 
tlu'  prevalence  of  unfavoi'ahk'  weather  for  much  the  greater  part  of  the  time. 
Many  of  the  (h)ul)les  si'lected  i'e(|uired  tlii'  hi'st  atmospheric  conditions.  Sucli 
opportunities  wiMv  i-ai-ely  afforded  us;  and  often  on  account  of  "  ])oor  seeing,"  we 
liad  to  accept  wide  in  place  of  close  pairs  jireviously  st'lectinl.  In  the  second  place, 
the  work  was  prematurely  terminated  by  tlu-  acceptance  of  ]Mi'.  II.  S.  Pritchett  of 
the  Professorship  oi'  .Vstronomy  and  ^Mathematics  in  Washington  University.  St. 
J^ouis,  ^[o.  I'^i-om  the  lirst.  the  selection  of  stars,  mode  of  oliservation,  and  tlu' 
rethictious.  had  been  un(k'i'  his  s|)eeial  charge;  and,  since  he  left  us,  the  remaining 
ibi-ce  of  the  ( )bser\  atory  has  liecn  fully  employed  in  other  directions. 

I'he  mean  I'csnlts  of  the  obser\ations  are  here  gi\i'n  in  jiositiou,  angle  and 
angular  distance,  in  tiii'  coIuuhis  headed  y>  and  .s',  while  tlu'  numbei-  of  iiKk'penck'Ut 
Mieasiu'cs  of  angle  and  doul)le  distance  is  given  in  the  colnnms  beaded  y^„  and  .s'„, 
and  the  inunber  of  niglits  in  the  colunni  headed  An.  The  (observers  are  indi- 
cated in  the  cojunm  ln'aded  O.  —  P.  standing  for  C.  AV.  Pritchett,  H.  for  Henry  8. 
Pritchett,  and  ( '.  for  (*.  W.  Pritchett,  Jr.  The  weight  as.signed  is  esthnated  from 
the  definition,  .steadiness  of  tlie  images,  stillness  of  the  air,  ab.sence  of  haze,  etc. 
It  is  rather  an  estimate  of  the  conditions  tlian  of  tlie  ol)servation  itself,  made  on  a 
scale  from  1  to  5. 
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It  was  intc'iukHl  to  piihlisli  witli  tin-  ()I)sim-\  ations  an  invc-stioation  of  Xhv  per- 
sonal ffiuation  of  till'  observers,  and  a  comparison  of  their  observations  with  those 
of  other  (loul)le  star  ol)ser\t'i's.  \\'e  are  not  insensil)le  to  the  \alue  ol"  sueli  a  eoni- 
]Kn-ison.  This  woi-k  was  taken  in  hand  \)\  Mr.  II.  S.  Pritehett,  who  has  not  yet 
found  opportunity  to  eoin])lete  it.  Pi'rha|)s  the  enrtailnii'nt  of  the  work,  and  the 
limiteil  nuinl)er  of  ol)sei'vattoiis,  may  make  the  comparison  tlie  less  necessary. 
Mnch  has  been  said  and  written  of  late  years  altout  the  position  of  the  line  of  the 
eves,  relative  to  the  line  ioinin<i-  the  stars.  Fn  these  measures  we  sim])ly  chose 
that  position  of  the  eyi's  least  sti-aininy'  and  most  natui'al.  In  ineasurinj^-  stai-s 
separated  7"  or  nioi-e,  it  was  usual  to  employ  the  power  C,  niajj;nifying-  27.1  times; 
for  stars  from  2"  to  7"  the  power  I)  was  <>-enerally  used,  mauniiying-  400  times; 
foi'  stars  less  than  2"  a  periscopic  eyi'-piece.  by  (inndlach,  was  uenerally  used, 
inajj;nifyinj4'  (500  times;  and  in  a  few  instances,  for  stars  less  than  1",  the  power  J7 
was  em])loyed.  magnifvin<>'  800  times.  For  all  the  fainter  stars,  the  wires  were 
directl}'  illuminated  1)V  a  red  lij^ht.  modified  at  pleasure  by  a  screen.  For  the 
brightei-  and  wider  paii-s,  a  bright  field  with  dai-k  wires  was  general!}-  used.  The 
.stars,  with  two  or  three  exceptions,  are  arranged  in  the  order  of  their  appro.vimate 
right  ascension,  for  1880.0. 

AVhile  sensible  of  some  discordances  in  these  observations,  I  think  as  a  whole 
they  have  a  real  value,  and  I  submit  them  as  they  are  —  a  small  contributicm  in 
the  boundless  field  of  double  star  work. 

For  those  unacquainted  with  double  star  work,  some  l^rief  notes  are  subjoined, 
showing  only  general  results;  and  for  these  it  maybe  well  to  add,  that  7/i  and  11-^ 
denote  respectively  Sir  William  and  Sir  John  Herschel,  -  denotes  F.  G.  W.  Struve, 
or  Otto  Struve,  So.  Sir  James  South,  while  J  is  Mr.  Burnham's  chosen  symbol. 

C.    W.    Pi:iT(HETT. 
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10 

11 

1-2 
12 
13 
14 
l."> 
IG 
17 
18 
19 
20 


1  .SSI. 801,  l:mv.'> 
f<l.,s(i7  28.  -27  (Vti 
81.8(!'.t  O-  2,  *°  and  V 
81.8G1 
81.80(; 
81.i)78 
81.817 
81. ill;! 
81.803 
8-2.04-2 
82.084 
81.724 
81.724 
81.822 
81.8y(! 
81.776 

8i.;i(;3 

82.02O 
81.861 
81.;i67 
K2.1l).i 
81.1167 
81.t).J7 
82.120 
81.81.5 
82.120 
82.163 

81.728 


3(1 
31 
32 
33 
34 
3.5 
35 
36 
36 
36 

37 
38 
3'.» 
40 
41 
42 
42 
43 
44 
4.5 
4.5 
45 
45 
45 
46 


1'  35 
.1  44 
2'  4!l 
or  18 
lol 

1'  5'J 

-  60  r,  Cassioj). 

-  60  r^  Cassiop. 
2-67 
So.  390 
.i-80 
r86 

187 
l'J\ 
p'  236 
r  122 
Ji'  171 
1  17(1 

-  180  y  Aiietis 
21 91 

1'  202,  a  Piseium 
1  262,  (  Cassiop. 

.si.728j  r  262  AC 

si.OOll  2  355 

81.001    2' 407 

81.181    2  459 

81.02.Sj  Hj  1408 

81.148J  02  78 

81.0281  2' 536 

81.124i  2' 596 

81.143  Ho  3752  AB 

81.143   H.  3752  AC 

80.367]  (i  Lepoiis 

81.148  ^  Leporis 

80.171   p'  Leporis 

81.148|  Anouyinous  BC 

81.148  "     '^auclA 

81.146]  2"  782 

8O.470]  2' 826 

81.146   H.,  3823 

81.678   2' 859 

80.176   23116  33M0UOC 

80.206  2'3116  .33  Mouoc 

80.205  02 140 

80.193  2'910 

80.194;  Siiius 

80.142  Sirius 

81.180  Sirius 

81.154  Sirius 

82.123  Siiius 

80.2151  2"  955  AB 


0  1 .5 
0  5.4 
0  7.4 
0  11.3 
0  25.5 
0  31.9 
0  34.7 
0  36.1 
0  37.3 


95  12 

93  45 

63  40| 
90  21 

92  43j 
49  40 
97  54' 
86  29, 

73  18| 


P 
P 
P 
P 

P 
P 
P 
P 
P 
P 
P 
32  49;  P 
32  49|  C 
80  3  P 
0  52.2  106  201  P 
0  53.2^  89  52  ! 
0  58.7  96  7 
0  59.0    69  10 


0  37.51  44  26 
0  41.2  39  13 
0  41.8 
0  41.8 
0  45.9 


0  59.1 

1  1.0 


75  15 
92  23 


1  5.0;  43  39 
1  20.7  87  5 
1  42.6  92  2 
1  44.3    14  22 


1  47.0 
1  52.5, 


71  18 
16  44 


1  55.81  87  49 


2  19.2 
2  19.2 


23    9 
23    9 

3  1.0'  82  4 
3  24.3'l01  32 
3  43.6i  60  43 

3  44.2,128    0 

4  8.7  60  18 
4  16.2    94  58 

4  40.3  1(J2  10 

5  16.8  124  54 
5  16.8  124  54]  H 
5  23.1  110  51 1  H 
5  23.1  110  511  II 
5  23.1  110  51  P 
5  31.8  89  58  H 
5  31.8,  89  58;  H 
5  36.5  90  1 
5  32.8    91  20 

5  55.9  121    4 

6  3.2  84  19]  H 
6  15.9  101  42'  H 
6  15.9  101  42|  P 
6  19.7  74  24!  H 
6  20.6  89  28'  H 
6  39.7  106  32|  II 
6  39.7  106  321  P 
6  39.7  106  32|  H 
6  39.7  106  32|  P 
6  39.7  106  32!  P 
6  35.4    97  52!  H 


3  212.96 
3  292.30 
1   222.16 

3  346.02 

4  26;%43 


3 

3 

3 

3 

6 

6 

26 

20 

5 

.T 

15 

10 

6 

6 

■2i 

24 

4 

3 

264.05 

319.99 

122.09 

129.38 

10.41 

1.53.96 

161.37 

161.36 

360.67 

211.65 

313.95 

159.97 

3   159.28 

3   193.10 

3  1319.78 

1  113.97 
3  327.28 

2  159.48 

3  '248.18 
1  1175.63 
3   191.32 

1  321.90 

2  i260.90 
2  110.40 
1  146.08 
1      44.22 

327.04 
206.03 
248.72 
158.96 
284.93 
103.39 
105.42 
288.28 
288.02 
287.24 
1  131.21 
1  127.75 
307.81 
122.95 
122.9 
247.06 
22.22 
25.03 
119.76 
165.25 
47.26 
48.02 
44.17 
44.42 
43.05 
273 


1.81 
8.01 
17.55 
7.94 
8.59 
9.21 
6.15 
1.29 
4.30 
1.85 
2.53 
5.12 
5.27 
1.81 
6.58 
20.44 
12.71 
29.98 
6.51 
4.03 
5.91 
6.19 
29.73 
3.05 
8.62 
5.45 
3.40 
2.02 
7.59 
2.11 
2.71 
16.11 
6.93 
2.36 


10.36 
2.60 


2.68 
6.54 


39.69 
2.18 
2.88 

34.85 
3.96 
4.13 
2.55 
1.04 

10.11 

10.63 
9.87 

10.01 
9.49 
1.08 


3 

3 

3 

3 

3 

3 
2.5 
2.5 

3 

3 

3 

3 

3 
2.5 

3 
2.5 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 
2.5 
2.5 

3 

2 

3 

2 

3 

3 

2 

3 

2 

3 

2 

2 

2.5 

2.5 

3 

3 
3 
3 
2 
3 
4 


;■  has  lliT.  aO"  »ilin 
Vi'i-y  little  clmiiRi' 


I  has  tXvc.  verj-  little  s 
.  hin  dec.  l.-i"  since  IS 


Very  little  chimp- 
1>  has  dec.  8"  since 
■ics  very  little. 


P  has  dec.  .i"  in  3^ 
.  changes  inipen 
P  has  dec.  '>J  in  'il 


!I>tibl>. 
lo'wl.v 
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No. 

M.  Diitc. 

Dei>Uiuitiuiis  ot  Stiirs. 

IMNW.O 

Pn 

Xi. 

P 

< 

tcl. 

Notes. 

o. 

R.  A. 

X.  p.  I). 

46 

1880.215 

1'  955  «^°  and  C 

/;.       III. 

6  35.4 

o         / 

97  .5-2]  H 

4 

3 

1 

188.76  11.54 

3 

c  is  n  faint  companion  of  C. 

46 

80.215 

r  955  Cc 

6  35.4 

97  52  II 

1 

est 

1    167.25!  14.00 

2 

Also,  fur  erf.,  p  =  4U" ,  s  =  5".0,  mae. 
12.5. 

47 

80.5.58 

0.i'  165,  45  Gem. 

7    1.5 

73  52 

H 

11 

6 

3      73.12    2.73 

2 

p  has  di-c..'««  since  1IM-.    sproli.dcc. 
slowly.    AC)'  =  »«»»s  =  28". 

48 

80.245 

Anonvmous 

7    7.1 

75  11 

II 

3 

3 

1   222.11    9.12 

3 

4:t 

80.242 

1  1047 

7    7.4 

74     1 

H 

4 

3 

1      23.92  21.83 

3 

i'J 

80.244 

2-1047 

7    7.4 

74     1   P 

7 

6 

2  ,   22.31  22.11 

/J    ■  p  and  «  iniTcasf  stuwly. 

.')() 

■so.  nil 

1'  1049 

7    8.0 

98  43 

H 

8 

6 

2  ;  43.04    3.61 

3 

.')() 

.so. •_>()() 

1'  1049 

7    8.0 

98  43 

P 

8 

6 

2  ,  40.50    3.34 

3 

r  has  inc.  8«  since  1S»1. 
s  varies  very  little. 

.".1 

S1.1.S4 

p'  757 

7    8.2 

126  20 

II 

3 

3 

1  :  65.81    2.25 

3 

'i'2 

so. 250 

r  io4(i 

7    7..S 

75  14   11 

13 

12 

4  1235.70  11.25 

.)    j  })  increases  slowly. 
^    1  .  imilMbly  dec.  »lo«h  , 

;").'! 

.SI. 184 

A  lion  vinous 

7  12.0 

126  2o;  H 

3 

3 

1  i210.36i  2.57 

3    :Xear«-5-. 

54 

80.215 

r  1074 

7  14.3 

89  22i  II 

3 

est 

1    130.17;  0.60 

.)   1;.  has 'inc.  :n»  in  55  .rears. 
**    1  «  is  Juuljtt'ul. 

;■>.) 

80.163 

2'1104 

7  24.0 

104  44 

II 

7 

7 

2  320.72;  2.58 

3 

o5 

80.164 

2' 1104 

7  24.0 

104  44 

P 

7 

6 

2  321.33    2.63 

3 

,1  has  inc.  29"  in  45  years. 
s  is  pRib.  incrcasiiiir. 

56 

80.158 

2- 1132 

7  36.2 

93  14 

H 

8 

6 

2  237.66  19.75 

3 

p  hos  dec.  12«  since  17S). 
«  is  inc.  sluwl3'. 

56 

80.173 

1  1132 

7  36.2 

93  14 

P 

3 

3 

1   234.02  19.48 

3 

57 

80.445 

or  182 

7  46.4 

86  18 

H 

12 

10 

4  ,  39.92,   1.24 

3 

p  has  dec.  7"  in  27  .years. 

58 

80.531 

2' 1157 

7  48.5 

92  28 

H 

10 

11 

3   2.53.31 

1.37 

3 

p  has  dec.  H°  since  1831. 
s  clianj^es  little. 

58 

80.184 

2' 1157 

7  48.5 

92  28 

P 

3 

3 

1    2.54.30 

1.35 

3 

5l» 

80. 1 70 

2'  1 1 75 

7  56.1 

85  30 

H 

6 

10 

3  1220.10 

2.18 

3 

J,  has  inc.  20»  since  182.-.. 
a  is  pnjb.  dec.  very  slowly. 

59 

80.171 

1-  1 1 75 

7  56.1 

85  30 

P 

3 

3 

1 

221.52 

2.14 

3 

60 

80.165 

2' 1179 

7  58.1 

77  35 

H 

4 

3 

1 

204.17 

19.51 

3 

p  has  dec.  2«  since  18->!l. 
«  has  inc.  2"  since  ISai. 

60 

80.20i> 

2-1179 

7  58.1 

77  35 

P 

6 

6  !  2 

202.86 

19.53 

3 

61 

81.311 

2-1187 

8    2.0 

57  25 

II 

6 

6 

2 

51.59 

2.02 

3 

P  has  dee.  22"  in  ^2  .years. 
s  increases  very  slowl.v. 

61 

81.304 

2'  1187 

8    2.0 

57  25 

P 

3 

3 

1 

50.53    2.16 

3 

62 

81.313 

21196:Cauc.AB 

8    5.3 

71  59 

H 

6 

6 

2 

80.51    0.73 

3 

■^       Xvry  remarkable  system.    B  re- 
x'olves  nmnd  A  in  al'iont  tV)  years. 

62 

81.310 

2-1196:Canc.AB 

8    5.3 

71  59 

P 

3 

3 

1 

67.21    0.81 

3 

Its  motion  is  much  aifected  fcy  the 
aaraelion  of  C.    C  has  an  angular 

62 

81.313 

2- 1196  rf  andC 

8    5.3 

71  59 

H 

6 

6 

2 

131.071  5.36 

0    '  (  velocity  of  about  30"  in  &)  years. 
0    1      'i'he  motions  ot    the  three  bodieB 

62 

81.310 

2'  1196  :f  and  C 

8    5.3 

71  59 

P 

3 

3 

1    133.011  5.77 

0    i      very  complex,  and  of  the  deepest 

63 

81.310 

Auouvmoiis 

8    7.1 

74    0 

H 

3 

3 

1  :345.69,   1.11 

3  1 

64 

80.555 

2- 1213 

8  11.5 

83  10 

H 

10 

9 

3 

322.46i   7.49 

Q   !  p  has  dec.  G"  since  ISJl. 
0    ■  «  probably  dec.  slowly. 

64 

80.248 

2-  1213 

8  11.5 

83  10 

P 

3 

3 

1 

321.17 

8.37 

3  i 

65 

81.343 

2' 1243 

8  27.7 

88    0 

H 

6 

6 

2 

228.50 

1.76 

2.5^>  lias  inc.  r«  in  SI  years. 

66 

80.246 

ii  206 

8  30.3 

114  42 

H 

6 

6 

2  i280.13 

1.42 

3 

66 

80.26;i 

p'  206 

8  30.3 

114  42 

P 

3 

3 

1 

278.85 

1.82 

3 

67 

80.275 

(i  207 

8  33.7 

109  19 

H 

4 

4 

1 

101.97 

4.06;  2 

68 

81.287 

(i  209 

8  35.4 

50  46 

H 

7 

6 

3 

357.72 

1.4312.5 

61) 

80.269 

2- 1287  AB 

8  44.9 

77  25 

H 

9 

6 

3 

88.58 

1     ^C     Q    1  i' has  dec.  21"  ill  50  vears. 
l.Ou      O      s  chaiigi'g  vcrv  little. 

6'J 

80.239 

2- 1287  AC 

8  44.9 

77  25 

H 

2 

1 

112.25 

12! 

70 

80.334 

2- 1295,  17  Hydra? 

8  49.0 

97  29 

n 

13 

12 

4 

3.59.59 

4.18:     3    1  Vto-  little  change  in  jO  years. 

70 

80.222 

2'  1295,  17Hydrai 

8  49.0 

97  29 

P 

7 

6 

2 

358.65 

4.19;  3 

71 

80.760 

(1  103 

8  49.0 

97  21 

H 

4 

6 

2 

73.70 

2.71    3 

72 

81.301 

2- 1296 

8  51.8 

54  35 

H 

9 

6 

3 

76.82 

2.48 

3 

).  has  inc.  :,'  in  .VI  years. 

72 

81.304 

r  1296 

8  51.8 

54  35 

P 

3 

3 

1 

76.531  2.62 

3 

73 

81.306 

2-  1300 

8  54.6 

74  15 

H 

6 

6 

2 

201.78    4.86 

3 

p  has  dee.  9»  in  50  years. 

73 

81.306 

2-  1300 

8  54.6 

74  15 

P 

3 

3 

1 

201.37    5.07 

3 

74 

80.239 

fj  409 

8  54.9 

98  43 

H 

6 

6 

2 

184.59    9.68 

3 

75 

80.294 

p'  104 

9    5.3 

89  13 

H 

3 

3 

1 

110.12    2.85 

3 

76 

80.224 

2-1329 

9    9.6 

90  44 

H 

8 

9 

2 

68.33122.12 

4 

p  has  inc.  3"  in  50  years. 
«  has  dec.  5".5  in  50  years. 

76 

80.242 

2-1329 

9    9.6 

90  44 

P 

3 

3 

1 

68.5322.30 

3 

77 

81.314 

2'  1333 

9  11.0 

54    8 

H 

6 

6 

2 

48.78    1.52 

2.5 

P  has  inc.  10"  since  178:J. 
Very  little  change  in  a. 

78 

80.209 

2'  1343 

9  13.7 

84  29  H 

7 

6 

2 

271.93    9.88 

3 

7!) 

81.339 

02-  201  AB 

9  16.8 

61  34  H 

6 

6 

2 

232.30    1.35 

3 

p  has  dec.  4"  since  1843. 

711 

81.339 

02-  201  AC 

9  16.8 

61  34  H 

6 

6 

2  1309.1720.49    3 

80 

81.299 

p'  105 

9  17.7 

63  18  II 

6 

6 

2  1204.98    3.00!  3 

81 

80.260 

2-  1385 

9  43.4 

72  52  H 

9 

9 

3  :3.53.46 

1.08    3 

p  has  dec.  8"  since  18.W. 
s  seems  nearly  constant. 

81 

80.297 

2'  1385 

9  43.4 

72  52  P 

6 

6 

2  350.70 

1.04    3 

42 
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Nf. 

INNO.O 

/'., 

.'„ 

.Vs. 

/' 

' 

tri. 

X..1.S. 

M.  l>ati. 

l>.  slgnntlons  or  Stars. 

R.  A. 

S.  p.  D. 

o. 

A.       m. 

o          ( 

8-2 

J880.216  ri389 

9  45.5 

62  27 

H 

6 

6 

2 

314.36 

2.19 

3 

p  Ims  dec.  ir.*  in  50  yonra. 
*  seems  to  iiicrensc  slowly. 

8-2 

80.216;  ri389 

9  45.5 

62  27 

P 

0 

6 

■) 

314.37 

2.29 

3 

S;i 

81.31l|  02o23,39Leouis 

10  10.6 

66  18 

H 

0 

6 

2 

296.24 

0.09 

3 

;>  probably  inc.  very  slowly. 

The  conipimion.  variable,  10-1:1  nmp. 

84 

80.320:  2-  1423 

10  12.6 

68  50 

H 

7 

9 

2 

08.43 

1.27 

2.5 

11  has  dec.  .'U"  in  30  years. 
Nu  change  in  s. 

84 

80.269  21423 

10  12.0 

68  50 

P 

3 

1 

1.47 

2.5 

85 

80.237  ji  25 

10  \:k» 

99  10 

H 

6 

3 

2 

180.80 

1.85 

3 

86 

80.697  02  216 

10  16.3 

74    3 

II 

7 

6 

2 

142.34 

1.64 

3 

P  has  (Ice.  21"  since  1842. 
f  nearly  same. 

86 

80.330  01'  216 

10  16.3 

74    3 

P 

3 

3 

1 

146.53 

1.09 

3 

87 

81.392  2'  1428 

10  18.4 

36  46 

H 

6 

6 

2 

86.74 

3.76 

3 

P  has  inc.  ,■!»  since  IBM. 
s  has  flee,  slii'htlv. 

88 

80.312  02' 218 

10  21.3 

85  50 

II 

6 

6 

2 

06.91 

1.07 

3 

p  has  inc.  8=  sinct  184S. 
s  is  prob.  inc.  very  slowly. 

8!l 

80.210 

3  AutliiB 

10  24.1 

120    0 

II 

7 

5 

2 

224.89 

10.82 

2.5 

00 

80.517 

2-  1445 

10  26.6 

90  15 

H 

14 

12 

4 

161.98 

2.58 

3 

p  has  dec.  6'  in  .52  years. 
a  changes  very  little. 

90 

80.215 

2-  1445 

10  26.6 

90  15 

P 

3 

1 

161.04 

3 

91 

81.296 

2-  1474  CD 

10  41.7 

104  38 

H 

9 

9 

3 

198.01 

6.52 

3 

Change  inaiilireeiable  in  49  years. 

91 

81.288 

2-  1474  CD 

10  41.7 

104  38 

P 

3 

3 

1 

190.28 

7.23 

3 

92 

80.261 

6' 595 

10  42.8 

104  29 

H 

6 

3 

2 

18.12 

1.95 

2.5 

93 

80.224 

'2-  1476 

10  43.2 

93  23 

H 

10 

6 

3 

358.70 

2.15 

2.5 

P  has  inc.  G"  in  40  years. 
Very  little  change  in  s. 

93 

80.212 

2- 1476 

10  43.2 

93  23 

P 

3 

3 

1 

350.28 

2.31 

2.5 

94 

81.2831  p'  111 

10  45.2 

98  28 

H 

3 

3 

1 

0.25 

3.51 

3 

95 

81.308  02  230 

10  48.1 

08  35 

H 

6 

6 

2 

14.07 

8.17 

3 

p  has  inc.  9°  since  IS47. 
s  is  gradnally  diminishing. 

96 

80.248 

2- 1500 

10  53.9 

92  50 

H 

10 

9 

3 

310.29 

1.43 

3 

,.  has  dec.  8"  since  1S4.S. 
»  has  changed  very  little. 

96 

80.243 

2'  1500 

10  53.9 

92  50 

P 

6 

6 

2 

317.18 

1.56 

3 

97 

80.238 

Hi  77 

10  56.2 

105    8 

H 

10 

9 

3 

10.26 

3.05 

3 

,.  has  inc.  11=  since  1783. 
Ao  coniparisinj  tor  n. 

97 

80.215 

Hi  77 

l(r.56.2 

105    8 

P 

6 

6 

2 

14.80 

3.09 

3 

98 

80.330 

B  220 

11    6.6 

107  51 

H 

4 

3 

1 

151.07 

0.68 

3 

99 

80.330!  Anonymous 

11    8.2 

104  47 

H 

1 

est 

1 

8.06 

2.5 

100 

81.4141  2' 1534 

11  15.5 

71     9 

H 

3 

1 

329.06 

2.5 

p  has  dec.  14"  since  1827. 

101 

80.307 

2'  1536  (  Leouis 

11  17.6 

74  48 

H 

6 

6 

2 

64.44 

2.78 

3 

p  has  dec.  .-W  since  1827. 
s  changes  inappreciably. 

101 

80.304 

2"  1536  (  Leonis 

11  17.6 

74  48 

P 

3 

3 

1 

00.81 

2.08 

3 

102 

80.277 

§  340 

11  23.8 

86    8 

H 

4 

3 

2 

0.78 

3.94 

2.5 

103 

80.675 

2-  3072 

11  24.5 

96    3 

H 

9 

9 

3 

330.32 

9.41 

3 

;)  and  s  have  changed  very  little  in  .'ill 

103 

80.343  2-  3072 

11  24.5 

96    3 

P 

3 

3 

1 

330.01 

9.77 

3 

104 

80.308!  2  1549 

11  26.3 

65    0 

H 

16 

12 

3 

114.37 

13.07 

2.5 

;)  and  «  prob.  dec.  very  slowly. 

104 

80.34L  2' 1549 

11  26.3 

65    0 

P 

3 

3 

1 

114.51 

13.04 

2.5 

105 

80.345  2'  1566 

11  34.4 

08  IS 

II 

8 

6 

2 

348.95 

2.69 

3 

No  ossnred  change  in  .'.0  years. 

105 

80.3451  1 1566  ' 

11  34.4 

08  18 

P 

7 

6 

2 

349.42 

2.87 

3 

106 

80.486  2'  1593 

11  67.4 

91  47 

H 

5 

3 

2 

23.75 

1.49 

2.5 

p  has  inc.  it^  in  50  years. 
Measnres  discordant. 

106 

80.436  2-  1593 

11  67.4 

91  47 

P 

6 

6 

2 

23.50 

1.50 

2.5 

107 

80.330  Anonymous 

12    30 

83  33 

H 

4 

4 

1 

100.10 

6.47 

3 

108 
108 

80.301    2'160459Vif?.AB 
80.301    2' 1604  59  V  iig.  AC 

12    3.2 
12    3.2 

101  11 
101  11 

H 
H 

6 
6 

6 
6 

2 
2 

91.17 
93.02 

11.22 
42.54 

3 
3 

p  has  dec.  2*  since  18.11. 
p  has  dee.  .I"  since  18.11. 
«  has  dec.  16"  since  1.S31. 

108 

80.310  2'160459Viig.AB 

12    3.2 

101  11 

P 

3 

3 

1 

91.12 

11.68 

3 

lOs 

80.310^  2-1604  59Virg.AC 

12    3.2 

101  11 

P 

3 

3 

1 

92.87 

42.70 

3 

io:i 

.SI. 4 66,  2'1C06 

12    4.7 

49  20 

P 

3 

3 

1 

157.14 

1.13 

3 

P  has  dec.  11"  in  50  years. 

110 

80.364  j3  

12    9.6 

112  41 

H 

6 

6 

2 

232.38 

0.92 

3 

111 

80.338  2-1621 

12    9.9 

83  42 

H 

14 

9 

4 

133.10 

2.64 

3 

p  has  inc.  0°  in  50  years, 
s  is  probably  dec.  slowly. 

112 

81.370  ji  27 

12  14.0 

75  29 

H 

3 

3 

1 

102.64 

3.09 

3 

113 

81.455   2  1633 

12  14.6 

62  16 

P 

3 

3 

1 

247.06 

8.58 

3 

Very  little  change  in  .10  years. 

113 

81.463  2'  1633 

12  14.6 

62  1 0 

H 

3 

3 

1 

245.47 

9.04 

3 

114 

80.369   2'  1635 

12  15.0 

100  48   P 

6 

6 

2 

173.17 

13.36 

4 

No  decided  change  in  50  years. 

114 

81.318  2- 1635 

12  15.0 

100  48 1  H 

3 

3 

1 

174.00 

13.54 

3 

115 

81.466  21641 

12  18.7 

51  36}  P 

3 

3 

1 

37.92 

8.55 

2 

p  has  dec.  12"  in  49  years, 
a  is  probably  inc.  slowly. 

115 

81.477'  2-1641 

12  18.7 

51  36;  H 

3 

3 

1 

39.36 

8.73 

3 

116 

81.463  2-1643 

12  21.2 

62  18'  H 

3 

3 

1 

50.70 

1.94 

3 

p  has  dee.  SI"  in  50  years. 
No  decided  change  in  s. 

117 

80.281   2'  1644 

12  21.3 

81  57  H 

7 

6 

2 

246.50 

20.34 

3 

It  is  i)rubabk-  that  p  and  s  both  dee, 
verj"  slowly. 

117 

80..300'  2-1644 

12  21.3 

81  57 

P 

3 

3 

1 

247.47 

21.04 

3 

118 

80.364  f;  28 

12  23.9 

102  44 

P 

6 

6 

2 

350.31 

2.01 

3 
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No. 

IHMO.O 

Pn 

»H 

Vs. 

p 

Kl. 

Notfs. 

M.  Date.    1     Desi^nutions  o(  Stars. 

0. 

K.A.        N.P.D. 

A.      m.         c       ;  1 

119 

1880.391   1 1659  AB 

12  29.5  101  23i  H 

6 

7 

2  351.52 

27.20 

3 

Veij-  little  ch«nge  in  50  voar« 

lilt 

80.391    1'  1659  AC 

12  29.5  101  23   II 

6 

7 

2  1  69.21 

34.65 

3 

p  and  a  inc.,  •  dccidnlly. 

lit) 

80.391    i'1659  1}C 

12  29.5  101  23   H 

6' 

7 

2   111.79 

39.47 

3 

P  dec.  and  a  inc.,  certain. 

120 

80.317   ^1601 

12  30.0    77  56:  H 

7 

6 

2  234.42 

2.39    3 

p  has  inc.  8°  in  31  yenrs. 

120 

80.317   2'  ICUl 

12  3(».0    77  56   P 

6  I 

6 

2  !235.60 

2.65    3 

121 

80.362 

Auonvmous 

12  31.3    97    0  P 

3 

5 

1     76.76 

5.89 

3 

122 

80.368 

1'  1664 

12  32.1^100  51   H 

6 

8 

2  249.45 

21.08 

3 

p  hm  dec.  2S«  in  .W  venrs. 
«  has  inc.  S"  in  5U  years. 

122 

80.349 

1'  1664 

12  32.1  100  511  P 

6 

4 

1   247.96 

20.80 

3 

123 

80.320 

.1'  1669 

12  35.0  11)2  21    H 

12  1 

9 

3  304.43 

5.75 

3 

p  has  inc.  6"  in  52  years. 
The  change  in  <  uncertain. 

123 

80.349 

-  1669 

12  35.0  1U2  21    P 

4  1 

3 

1   306.99 
3  337.84 

5.94 

3 

One  nf  the  most  noted  of  Bina- 

124 

80.699 

-  1670  ;'  Virginis 

12  35.6    90  47  H 

10  1 

9 

5.40 

3 

ries.    Observed  fur  lU]  years.    The 
orbit    is   cuiiipietvtl  ni    about  17U 

124 

80.699 

-  1670  y  Virgiuis 

12  35.6    90  47|  P 

9 

9 

3  1338.96 

5.24 

3 

vean*.    Ma.\iniuni  value  of  «  about 
G".H.    Miniinuui  value  of  ■  about 

125 

80.865 

p'  459 

12  42.0    85  53  H 

7 

3 

2 

293.36 

3.79 

2 

U".4. 

125 

80.360 

p'  459 

12  42.0    85  53 

P 

3 

3 

1 

291.93 

3.20 

2 

126 

81.321 

2- 1685 

12  45.9    70  11 

H 

3 

3 

1 

201.25 

15.78 

3 

126 

81.321 

ri685 

12  45.9,   70  11 

C 

3 

3 

1 

200.25 

16.20 

3 

Xo  decided  elianjic  in  .>'  year?. 

126 

81.321 

.11685 

12  45.9    70  11 

P 

3 

3 

1 

201.23 

16.05 

3 

127 

80.896 

2' 1707 

12  55.3    73  29 

H 

6 

6 

2 

34.59 

9.66 

3 

p  inc..  and  »  dec.,  slowly. 

127 

81.321 

2' 1707 

12  55.3    73  29 

P 

3 

3 

1     34.25 

9.43 

3 

128 

80.343 

1'  160.S 

12    5.5    35  55 

H 

5 

3 

1  1223.34-11.42 

3 

128 

81.466 

2'  1608 

12    5.5'  35  55 

P 

3 

3 

1   222. 22111.78 

3 

p  prob.  dee.  and  «  inc..  slowly. 

129 

80.425 

02'  256 

12  50.3!  90  18 

II 

6 

6 

2 

248.38    0.66 

3 

p  has  inc.  12»  since  1.<1S. 

129 

80.423 

OS  256 

12  50.3    90  18 

P 

3 

3 

1 

249.26 

0.74 

3 

130 

80.420 

2' 1711 

12  56.5    75  53 

H 

3 

3 

1 

348.54 

1.16 

2 

p  has  dec.  "•  in  51  years. 
«  may  be  decreasing. 

131 

80.425 

.1'  1 722 

13    2.5    73  52 

H 

6 

6 

2 

337.63 

3.17 

3 

p  has  dec  ti<>  in  o<)  years. 
8  has  probably  decreased. 

131 

80.425 

-1722 

13    2.5 

73  52 

P 

6 

6 

2 

337.50 

3.35 

3 

132 

80.431 

2- 1741' 

13  18.0 

87  58 

H 

3 

3 

1 

347.85 

1.28 

3 

p  probably  dec.  very  slowly. 

132 

81.398 

.11742 

13  18.0 

87  58 

P 

3 

3 

1 

350.37 

1.55 

3 

133 

80.376 

-  1746 

13  22.2 

79  55 

P 

4 

5 

1 

250.97;27.81 

3 

p  changes  verv  little. 
.  dec.  Highlly. 

133 

80.878 

-  1746 

13  22.2 

79  55 

H 

6 

6 

2 

249.30 

27.34 

3 

134 

80.372 

-  1757 

13  28.2 

89  42 

P 

7 

7 

2 

66.70 

2.30 

3 

p  has  inc.  oG"  in  .V>  years, 
s  has  inc.  slightly. 

134 

80.387 

-  1757 

13  28.2    89  42 

H 

4 

3 

1 

69.16 

2.19 

3 

135 

80.390 

-  1763 

13  31.3;  97  16 

P 

6 

6 

2 

44.17 

2.42 

3 

p  has  inc.  5*"  in  50  years, 
s  changes  little. 

135 

82.449 

-  1763 

13  31.3    97  16 

H 

6 

6 

2 

43.33 

2.66 

3 

136 

81.525 

Sm.488,  H.,.3341 

13  32.3 

61    4i  H 

6 

6 

2 

191.79 

1.89 

3 

p  discordant. 

137 

80.887 

1-  3081 

13  38.8 

101  12 

P 

6 

6 

2 

71.50 

2.09 

3 

P  dec.  6"  in  50  years. 

137 

80.499 

.1  3081 

13  38.8 

101  12 

H 

3 

3 

1 

70.14 

2.06 

3 

138 

81.512 

or  270 

13  41.6 

71  57 

H 

6 

6 

2 

351.94 

8.72 

3 

p  inc.  «•  since  ISii, 
;  dec.  9".5  since  1825. 

139 

80.379 

^■1788 

13  48.6 

97  28 

H 

4 

3 

1 

72.28 

2.76 

3 

p  inc.  21'  in  55  years. 

139 

80.390 

ri788 

13  48.6 

97  28 

P 

7 

7 

2 

74.28 

2.78 

3 

140 

80.814 

01'  273 

13  50.3 

84  10 

H 

9 

9 

3 

111.22 

0.84 

3 

p  inc.  a"  since  18t3. 

141 

81.373 

1'  1804 

14    2.5 

68  14 

H 

3 

3 

1 

19.25 

4.57 

2.5 

Very  little  change  in  50  years. 

141 

81.436 

1'  1804 

14    2.5 

68  14 

P 

9 

9 

3 

18.21 

4.63 

3 

142 

81.456 

r  1808 

14    4.7 

62  50 

P 

6 

6 

2 

71.08 

2.93 

3 

p  is  prob.  inc.  very  slowly. 

142 

81.515 

r  1808 

14    4.7!  62  50 

H 

3 

3 

1 

74.86 

2.71 

3 

143 

81.514 

or  279 

14    8.0 

77  26 

H 

6 

6 

2 

254.44 

2.03 

3 

p  has  inc.  6»  since  IW6. 

144 

81.536 

1'  1834 

14  15.9 

40  56 

H 

6 

6 

2 

119.70 

0.59 

3 

p  has  inc.  U'  in  49  years, 
s  is  diminishing  regularly. 

145 

81.406 

2'  1837 

14  18.2 

101     7 

P 

6 

6 

2 

309.15 

1.48 

3 

p  has  dec.  23'  since  IS». 

145 

81.449 

1'  1837 

14  18.2 

101     7 

H 

3 

3 

1 

303.03 

1.33 

2 

146 

80.452 

(J)  Virgiuis 

14  22.0 

91  41 

H 

3 

3 

1 

108.94!  4.35 

3 

P  is  prob.  inc.  very  slowly. 
s  probably  increases. 

146 

80.411 

^  Virgiuis 

14  22.0'  91  41 

P 

3 

3 

1 

110.11    4.94 

1 

147 

81.871 

r  184'"7 

14  22.2:  99  40 

P 

3 

3 

1 

258.34  23.38 

2 

p  has  inc.  10'  in  M  years. 
e  has  inc.  .V  in  .t«»  years. 

148 

81.538 

or  284 

14  36.1 

40  45 

11 

6 

6 

2  1103.72;  6.91 

3.5 

p  slowly  decreases. 

149 

81.411 

54  Hydrse 

14  39.1 

114  56 

P 

3 

3 

1 

130.67 

8.90 

3 

The  measures  arc  not  decisive. 

149 

81.496 

54  Hydrte 

14  39.1 

114  56 

H 

3 

3 

1 

130.38 

9.03 

3 

p  inc.  very  slowly  and  irreg.  The  mag. 
very  unequa'i;  colors  contrasted. 

150 

84.523 

1  1877  e  Bootis 

14  39. 8|  62  25 

H 

9 

9 

3 

327.17 

2.71 

3 

151 

80.472 

r  1876 

14  40.0 

96  53 

H 

7 

6 

2 

66.94 

1.29 

2.5 

p  has  inc.  15'  in  48  years. 

44 


PllU.U'ATIONS    OF    MOUIJISdX    OliSKKVATOKY 


Xo. 

M.  Dale. 

1              INNO.«» 

/',. 

p 

ir(. 

\ntcs. 

DcslKniittonti  of  Stars. 

>..     -V". 

U.  A. 

N.  r.  1). 

A.      m. 

o        ; 

151 

1880.513 

1'  1876 

14  40.0 

96  53 

P 

a 

3 

1 

65.38 

1.31 

3 

\:r2 

84.523 

-  1877  ?  Bootis 

14  45.8    70  24 

H 

10 

8 

3 

267.57 

3.59 

3 

A  boAntiful  Binan-.   Since  1S»  p  hns 
dec.  et".    »  has  dec.  ;J".5.    Coh.^^ 

lo;5 

81.499 

So.  190 

14  50.5 

110  52 

H 

3 

3 

1 

290.75 

15.46 

3 

ctMitnittted. 
p  Ima  inc.  1>U°,  and  a  o"  since  1823. 

lo4 

81.373 

or  289 

14  50.9 

57  14 

H 

3 

3 

1 

114.45 

4.48 

3 

;.  dec.  4<»  since  IIMO. 
«  ucarly  conatiint. 

154 

81.455 

Ol'  289 

14  50.9 

57  14 

P 

3 

3 

1 

118.48 

4.42    3 

155 

81.373 

21 901 

14  56       .58    9 

H 

3 

3 

1 

199.67 

27.02  3  •:'}::::  p;:."?^^ 

15G 

81.520 

r  1909  (  Bootis 

14  59.9 

41  52 

H 

6 

6 

2 

243.65 

4.69  ;5  /,,]'::,:::'  ''>i"'"S ,.hI^-"i''S!^. 

15»i 

81.520 

2"  1909  (  Bootis 

14  59.9 

41  52 

P 

6 

3 

2 

241.29 

^   jy     ;J     ^ i          '.      ilie  ubservalions  PIT- 

157 

81.466 

r  1925 

15  10.5 

97  50 

V 

3 

3 

1 

8.93 

4.74 

3 

p  hns  inc.  ■■."  in  48  years. 
s  nearly  conslaiit. 

157 

81.466 

1'  1925 

15  10.5 

97  50 

H 

6 

6 

2 

11.87 

4.71 

3 

15S 

84.540 

-  1937  i;  Coi-oiisc 

15  18.2    59  17 

H 

7 

5 

2 

161.67 

0.67 

3 

^  This  remarkable  Binary  has  com- 
f  nietcd  more  than  2  revoIvititin«sin.<' 
(17M.  Thpprob.  period  i8  4.Snr4lyi>. 
'*  varies  between  (I".a0  and  1".IJ9. 

15;» 

81.537 

2-  1945  AB 

15  22.3 

74  53 

P 

3 

3 

1 

286.64 

31.91 

3 

15'.t 

81.546 

2- 1945  AB 

15  22.3 

74  53 

H 

6 

6 

2 

286.14 

31.58 

3 

p  has  inc.  IS*  in  49  years. 
«  inc.  very  slowly. 

15!t 

81. .537 

2' 1945  CB 

15  22.3 

74  53 

P 

3 

3 

1 

279.70 

9.11 

3 

>ycry  little  chan<;c  in  49  years. 

15'.i 

81.546 

2- 1945  CB 

15  22.3 

74  53 

H 

6 

6 

2 

280.48 

8.62    3 

IfiO 

81.513 

2' 1954  (S'  Seovpu 

15  29.1 1  79    3 

P 

3 

3 

1 

191.11 

3.29    3 

P  has  dec.  11«  since  1820. 
s  changes  very  little. 

160 

81.514 

2  1954  8  Scorpii 

15  29.1    79    3 

H 

6 

6 

2 

191.62 

3.3i:  3 

161 

81.543 

02-  297 

15  29.7'  64  35 

H 

6 

3 

2 

142.38 

7.881  2 

p  dec.  slowly. 

jt  dee.  5".5  in  Ai  years. 

162 

80.515 

2'  3095 

15  36.3;  104  48 

H 

6 

6 

2 

339.15 

2.86 

3 

pdec.  10"  in  50 years. 
«  very  nearly  constant. 

16-2 

80.513 

2'  3095 

15  36.3;104  48 

P 

3 

3 

1 

339.75 

2.88 

3 

163 

81.523 

D.M.  36°— 2640 

15  40.2    54    1 

H 

3 

3 

1 

45.12 

3.94 

3 

164 

80.524 

2-  1985 

15  49.71  91  48 

P 

4 

4 

1 

333.14 

5.88 

3 

;)  inc.  60.5  in  49  years. 
K  nearly  constant. 

164 

80.543 

2-  1985 

15  49.7 

91  48 

H 

7 

6 

2 

334.70 

5.74 

3 

165 

81.496 

2-  1993 

15  54.4 

72  17 

H 

3 

3 

1 

38.87 

30.27 

3 

«  dec.  G".e-8ince  1784. 
P  nearly  constant. 

166 

80.875 

2- 1998  ,-Scor.AB 

15  57.8 

101    2 

H 

11 

9 

3 

189.58 

1.10 

3 

i     A  fine  Binary.  Timcof  revolulimi 
>  nhont  100  years,  a  at  maximum  abmil 
> l".;t,  at  minimum  about  0".4. 

166 

80.513 

2-1998?Soor.AB 

15  57.8 

101    2 

P 

3 

3 

1 

187.31 

1.32 

2.5 

166 

80.535 

2'  1998  y  and  C 

15  57.8 

101    2 

H 

6 

6 

2 

65.31 

7.07 

3 

>;j  has  dec.  S^o  since  17SJ. 
Is  fluutufttes slightly. 

166 

80.513 

2' 1998  i"  audC 

15  57.8 

101    2 

P 

3 

3 

1 

65.12 

7.41    3 

166 

84.540 

2'  1998  AB 

15  57.8 

101    2 

H 

3 

2 

1 

195.56 

1.4li  3 

166 

84.545 

•j"  and  C 

15  57.8 

101    2 

H 

3 

2 

1 

65.45 

7.20 

3 

167 

81.496 

2'  2007 

16    0.4 

76  21 

H 

3 

3 

1 

326.14 

33.63 

3 

pdec-slowl}-. 

16« 

80.540 

r  Scorpii  AB 

16    5.0 

109    9 

P 

8 

6 

2 

361.37 

0.56 

3.5 

^       A  quodrunle  star,  and  a  beautiful 
1   &vsten>.    It  IS  probable  thatp  and  » 
f  a're  increasing    B.  discovered  by  S 
J   in  1874. 

168 

80.549 

r  Scorpii  AB 

16    5.0 

109    9 

H 

7 

6 

2 

360.45 

0.5113.5 

168 
168 

80.524 
80.541 

f  and  9? 
^/  and  "^ 

16    5.0 
16    5.0 

109    9 
109    9 

P 
H 

4 
4 

4 
4 

1 
1 

337.23 
336.31 

40.95    3  !]        ,.  ,   ^ 

40.83!     3||veo..,mccha,„e,„,o... 

168 

80.524 

CD 

16    5.0 

109    ; 

P 

4 

4 

1 

48.94 

2.23      3     1  yi,„si„c.9°sinc<!lS*;. 

168 

80.541 

CD 

16    5.0|109    9 

H 

4 

4 

1 

48.46 

1.96     3   lj.«<.n«toi»crea»slo«ly. 

169 

80.538 

2  2017 

16    6.6|  75    8 

H 

4 

4 

1 

251.91 

25.82     3   1  P  slowly  iucreose. 

170 

81.481 

2- 2021 

16    7.7    76    9 

H 

6 

6 

2 

331.96 

Q    Q^i     Q    1  p  has  inc.  41" since  1783. 
0.00      0   1  «  nearly  constant. 

171 

81.548 

2-  2022 

16    7.8    63    2 

H 

3 

3 

1 

136.61 

2.29I    2   Ip  inc.-" in 50 years. 

172 

81.516 

2-  2023                     16    8.6;  84  10 

H 

6 

6 

2 

231.44 

1     '"O      '.I    1  p  dec.  5«  since  1832. 
1.//      0    |s  nearly  constant. 

173 

84.528 

2'  2032  a  Coronse  il6  10.2    55  oC 

H 

6 

5 

2 

204.71 

0    »-  1      0   '  r     A  triple  star.  B.  revolves  rapidly 
0 .  /  4      6   'A   round  A.    ;,  has  inc.  L50»  in  9)  yrs. 

2. '38      O    1  Measures  discordant. 

174 

81.508 

2-  2041 

16  19.3    88  29 

H 

6 

6 

2 

5.05 

175 

81.516 

2'  2055  /  Oph. 

16  24.9    87  45 

H 

6 

6 

2 

37.91 

1.48      3    ,)       Beautiful  Binary.     phasinc43<' 
1    ^1      ^1  in -13  years.    «  iue.  veij*  slowly. 

175 

81.518 

2-  2055  /.  Oph. 

16  24.9    87  45 

P 

3 

3 

1 

35.89 

175 

84..542 

2-  2055  /  Oph. 

16  24.9    87  45 

H 

9 

7 

3 

37.80 

1-58    3  [,„_,..„.,„„,. 

176 

80..556 

2-3105 

16  25.5    96  47 

H 

6 

6 

2 

52.28 

0.65 

3      «  prob,  increasing. 

176 

80.570 

2-  3105 

16  25.5    96  47 

P 

3 

3 

1 

48.61 

0.62 

Q    1  (  One  of  tlie  most  rapid  of  Binarif  * 

^    '  1    Time  of  revo.  ab.  M  vrs.  «  vari.  s 

2   5   ;   from  zero  to  1".6.  In  ISW  Bnd  iwr. 

*     '  I,  one  star  geemed  to  occult  the  uttier. 

177 

84.549 

2'  2084  r  Herculis 

16  36.81  58  11 

H 

12 

8 

4 

90.93 

1.32 

178 

80.556 

2"  3107 

16  52.9    85  51 

H 

7 

6 

2 

100.69 

1.33 

3    1  pdec.  !2'>in49ytart. 
8  nearlv  coiistanL 

179 

84.556 

2' 2120 

17    0.0    61  44 

H 

3 

2 

1 

250.33 

5.52;2.5;jdeej2»;i;|^j^^^'j; 

180 

80.540 

IL  6946  36  Oph.    17    8.0  116  25 

H 

8 

8 

2 

200.71 

4   91  •>  5iP  d'ei.V"  since  ISa. 
1 "  *     IS  pivbably  decreases. 

180 

80.541 

,  h",  6946  36  Oph.   117    8.0  116  25 

P 

3 

4 

1 

200.33 

4.22 

2.b 

181 

80..544 

1  2- 2156                    117  17.8    90  43 

H 

10 

9 

3 

34.75 

3.15 

2.5 

p  inc.  slowly. 

«  nearly  constant 

181 

80.549 

1  2-2156                     17  17.8    90  43 

P 

3 

3 

1 

32.50 

3.35 

2.5 

182 

80.543 

2' 2171                      17  22.7    99  54 

P 

3 

3 

1 

66.80 

1.76 

2 

p  dec.  8"  in  50  years. 
a  nearly  constant. 

182 

80.555 

2- 2171                      17  22.7    99  54 

H 

7 

6 

2 

68.62 

1.51  2.5j 

MKASUKF-S    OF    DOUBLK    STAKS. 
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No. 

M.  Diitc. 

D(.'si}r nations  of  Stars. 

INMO.U 

0. 

Pn 

AX 

p 

1 

1 

ict.                          Notes. 

R.  A. 

X.  1>.  I). 

1 

183 

1880.588 

2-  2185  AB 

A.      III. 

17  28.9 

O           1 

83  53 

H 

6 

7 

2 

4.54 

27.40 

2.5  /'Very  sliRht  dee.  BincclSR 

183 

80.562 

2-2185  A 15 

17  28.9 

83  53 

P 

3 

3 

1 

5.66!27.64:2.5| 

184 

80.570 

2-  22  14 

17  51.0 

89  53 

H 

8 

6 

2 

271. 9( 

1.0l'2.5  ''''""'''•'-• ''""•"«"■ 

184 

80.568 

17  51.0 

89  53 

P 

3 

3 

1 

270.3( 

1.26  2.5; 

185 

80.558 

2-  2253 

17  52.9 

75  22 

H 

4 

6 

2 

79.62 

16.122.5 

;)  chaiipes  very  IiHIp. 
«  probalily  dt-c.  slightly. 

185 

80.562 

2-  2253 

17  52.9 

75  22 

P 

3 

3 

1 

80.08 

16.07 

2.5 

186 

80.555 

.So.  699,  2-  2268 

17.58.3;  64  3.s 

n 

6 

7 

2 

212.56 

19.52 

3 

P  dec.  .T"  since  1825. 
»  inc.  1".0  since  18i5. 

186 

80.562 

So.  699,  2-  2268 

17  58.3!  64  3.s 

p 

3 

3 

1 

210.66 

19.56 

3 

187 

84.518 

2-  2272,  70  Opli. 

17  59.4 

87  28 

II 

9 

8 

3 

35.89 

2.18 

3 

Splendid  B.  Periml  of  rev.  ah.  90yr8.  1 
«  nt  mux.  0".7,  min.  1".T.  Vuri.  irreg.  1 

188 

80.551 

2-  22.S6 

18    4.3 

89  29 

H 

7 

612 

318.25 

2.49 

2.5 

p  dec.  .->»  fiincc  IS3,2. 
s  constant. 

188 

80.568 

2-  22.S6 

18    4.3 

89  29 

P 

3 

3    1 

316.32 

2.42 

3 

189 

80.557 

1'  2294 

18    8.4 

89  52 

H 

4 

esti  1 

83.63 

0.40 

3 

p  dec.  go..';  since  l&Sl. 
«  dec.  (V'.B  since  imi. 

190 

80.561 

2-  2303 

18  13.6 

98    3 

H 

8 

6 

2 

222.08 

2.79 

2.5 

p  inc.  ({"  in  4a  years. 
8  varies  very  little. 

1!»0 

80.562 

2-  2303 

18  13.6 

98    3 

P 

6 

6 

2 

223.02 

3.17 

2.5 

11)1 

80.634 

2-  2306  A  and  'f 

18  15.4 

105    9 

II 

9 

9 

3 

220.75 

12.06 

3 

No  change  since  1832. 

H)l 

80.634 

2'  2306  BC 

18  15.4  105    9 

II 

10 

9 

3 

64.20 

0.91 

3 

8  is  probably  increasing  slow 

ly- 

192 

80.573 

2-2311 

18  16.6    78  37 

H 

3 

3 

1 

161.56 

6.49 

3 

P  dec.  9*"  in  -W  veurs. 
s  di-c.  2"  in  .-iO  VDirs. 

193 

80. .557 

AC  11 

18  18.7 

91  39 

II 

3 

est 

1 

170.78 

0.30 

3 

P  dec.  }i'>  siuee  \sr,4. 

194 

80.573 

2-  2322 

18  24.1 

86    1 

H 

3 

3 

1 

168.18 

20.09 

3 

p  and  «  |in>l)ably  incrrase  l- 
slowly. 

ttreniely 

194 

80.650  2^2322 

18  24.1 

86    1 

P 

7 

6 

2 

167.98 

20.22 

3 

194 

80.674 

S  2322 

18  24.1 

86    1 

C 

3 

3 

1 

169.00 

20.07 

3 

195 

80.679 

2-  2421 

18  51.6 

56  22 

P 

6 

6 

2 

63.86 

21.80 

3 

p  dec.  5*  in  5(1  years. 
R  iivarly  same. 

195 

80.679 

2-  2421 

18  51.6 

56  22 

C 

6 

6 

2 

64.34 

22.14 

3 

196 

80.762 

2-2452 

18  58.1 

14  23 

P 

3 

3 

1 

216.14 

5.55 

3 

p  is  prob.  dec.  very  slowly. 

196 

80.762   2-2452 

18  58.1 

14  23 

C 

3 

3 

1 

218.42 

5.78 

3 

Very  little  change  since  18r{2 

196 

80.762;  2' 2452 

18  58.1 

14  23 

H 

3 

3 

1 

217.14 

5.46 

3 

197 

80.670  H,  5113 

19  17.5 

119  32 

P 

9 

10 

3 

170.70 

16.64 

3 

p  inc.  48"  since  mff. 
s  dec.  8"  since  1SJ7. 

197 

80.66.S|  ^5113 

19  17.5 

119  32 

C 

6 

3 

2 

171.62 

16.47 

3 

198 

80.617   2  2515 

19  19.4 

68  48 

H 

4 

3 

1 

24.02 

12.55 

3 

p  inc.  flo  in  .il  vears. 
«  dec.  (Vin-iryiars. 

198 

80.674   2' 2515 

1!)  19.4    68  48 

P 

3 

3 

1 

21.86 

12.96 

3 

198 

80.674   2' 2515 

19  19.4 

68  48 

C 

3 

3 

1 

22.58 

12.86 

3 

199 

,S0.615:  2-2541 

19  30.2 

100  42 

H 

6 

6 

2 

.332.03 

3.64 

2.5 

pdcc,  ll*  in  50  yearn. 
s  inc.  very  regularly. 

199 

80.628 

2-2541 

19  30.2 

100  42 

P 

3 

3 

1 

333.22 

3.94 

2.5 

200 

80.615 

2-  2545 

19  32.1 

100  26 

H 

6 

6 

2 

320.38 

3.56 

3.5 

p  inc.  5«  since  1829. 
s  nearly  .innic. 

200 

80.687 

2-  2545 

19  32.1 

100  26 

P 

6 

6 

2 

320.70 

3.82 

3.5 

Vid.  notes  of  Flainnmrion. 

200 

80.687 

2-  2545 

19  32.l|l00  26 

C 

6 

6 

2 

320.04 

3.72 

3.5 

201 

80.703 

2-2571 

19  35.6 

12  00 

P 

7 

6 

2 

20.24' 

11.30 

3     pdcc.  3"  in4fiycar8. 

201 

80.703 

2-  2571 

19  .35.6 

12  00 

C 

6 

6 

2 

20.23 

11.30 

3 

202 

80.671 

H.,  2904 

19  47.1 

114  14 

P 

6 

6 

2 

139.48 

19.22 

3 

II  ilc-c.  .■'.>"  in  50  years. 
X  dinwiydi-c. 

202 

80.674 

H, 2904 

19  47.1 

114  14 

C 

3 

3 

1 

137.33 

17.73 

3 

203 

80.733 

Auouyinous 

19  49.0 

20    3 

P 

8 

6 

2 

264.66 

3.21 

3 

203 

80.733'  Auonyraous 

19  49.0 

20    3 

c 

6 

6 

2 

262.77 

3.29 

3 

204 

80.685;  Ol'  532  ^  Aquila 

19  49.4 

83  53 

p 

7 

8 

2 

18.68 

12.24 

3 

p  dec.  7**  since  18.19. 
a  slowly  increases. 

204 

80.685  02-532  p^  Aqiiihe 

19  49.4    83  53 

c 

6 

6 

2 

15.68 

12.35 

3 

205 

80.695  2-2612 

19  55.5 

83  24 

p 

9 

9 

3 

52.25 

38.23 

3 

8  inc.  2"  since  1S27. 

205 

80.695'  2-2612 

19  55.5 

83  24 

c 

9 

9 

3 

52.89 

.38.48 

3 

206 

80.786  2-2649 

20    7.6 

58  17 

H 

3 

3 

1 

150.97 

24.36 

3 

P  dec.  regularly  and  slowly 
a  dec.  (luitc  regularly. 

207 

80.708  2-2646                     | 

20    8.0 

96  25 

P 

9 

9 

3 

48.59 

22.70 

3 

P  dec.  ;io  in  5(1  years. 
8  dec,  2".G  in  SO  yeara. 

207 

80.708 

2-  2646 

20    8.0 

96  25 

c 

9 

9 

3 

48.37 

22.90 

3 

208 

80.718 

-  C'apricoini,p'60 

20  20.5 

108  36 

p 

9 

9 

3 

145.76 

3.27 

3 

Uncertain. 

208 

80.725 

-  Cai)ricoi-ni,ii60 

20  20.5 

108  36 

c 

6 

6 

2 

145.15 

3.35 

3 

209 

80.711 

2-  26X6 

20  24.0 

80    6 

p 

6 

6 

2 

279.21 

26.74 

3 

s  dee.  1".0  in  55  years. 

209 

80.711 

2-2686 

20  24.0 

80    6 

c 

6 

6 

2 

278.14 

27.13 

3 

210 

80.774 

2"  2729,  4  Aqnarii 

20  45.1    96  50 

p 

9 

6 

2 

163.60 

0.63 

2 

p  inc.  U7»  since  1836. 
a  prob.  increases. 

210 

80.786 

2-  2729,  4  Aquarii 

20  45.1    96  50 

H 

3 

3 

1 

167.42 

0.40 

1 

211 

80.732 

|3  368  45  Aqnarii 

21     1.0;  98  43 

P 

11 

10 

3 

91.28 

0.87 

2.5 

... 

80.821 

P'   '1 

21    4.5    80  21 

P 

4 

* 

I 

274.19 

1.94 

3 

41) 
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21S  1880.720 
80.74:5 
80.707 
80.707 
80.738 
80.7-IO 
80.827 
80.827 
80.827 
80.7-14 
80.746 
80.752 
80.744 
80.74;5 
80.7C>2 
80.7G2 
80.774 


214 
214 
21.". 
21."> 
'216 
21G 

;!;^ 

>18i 

220 
220 
221 
221 


222 

22;^ 

22.") 
224 
224 
22.') 


225 
225 
226 
227 
227 
227 
228 
228 
228 
229 
230 
230 
231 
231 
232 
232 
232 
233 
2341 
234 
234 
235 
235J 
236, 
237; 
238 
238 


K.  A.     s.  r.  V. 


80.762 

80.774 

80.762 

80.748 

80.751 

80.75;i 

80.75!t 

80.75;» 

80.75t> 

80.852 

80.808 

80.762 

80.762 

80.808 

80.787 

80.808 

80.787 

80.716 

81.773 

81.804 

81.214 

81.214 

80.808 

81.187 

80.i»20 

81.831 

80.808 

81.178 

81.804; 

81.772 

81.772! 

81.000 

81.817 

81.802 

81.801 


H,  —  47 
H.-47 

r  2778 

r  2778 

r  2781 

.1'  2781 

jj  370 

[i  370 

p  274 

1'  2838 

2"  2838 

2-2847 

1'  2855 

r  2855 

r  2860 

r  2860 

30  Pegasi  AB 

30  Pegasi  AB 

30  Pesasi  AC 

30  Pegasi  AC 

H.N.  41-53  Aqua. 

H.X. 41-53  Aqua. 

.1"  2900  :  Aqua. 

r  2909  :  Aqua. 

r  2928  L.l.  44276 

r  2928  L.l.  44276 

r  2928  L.l.  44276 

2"  2941 

r"  Aquarii 

r^  Aquarii 

t"  Aquarii 

J  2944  AB 

r  2944  AB 

W  and  C 

or  481 

r  2959 

r  2959 


M.         °  ' 

5.7105  31  P 
5.7  105  31  C 
9.5|  91  44!  p 
91  44!  C 
98  10, 
98  lOi 


9.5 

9.9 

9.9 
21  28.2  37  47 
21  28.2  37  47 
21  36.4 
21  48.3 
21  48.3 
21  51.9 
21  59.2 
21  59.2 
21  59.4 

21  59.4  29  44 

22  14.4  84  49 
22  14.4'  84  49 
22  14.4  84  49 
22  14.4  84  49 
22  20.0  107  22 
22  20.0  107  22 
22  22.6  90  38 
22  22.6  90  38 
22  33.2  103  14 
22  33.2  103  14 
22  33.2  103  14 
22  40.1  71  24 
22  41.3  104  41 
22  41.3  104  41 
[22  41.3  104  41 
22  41.6,  94  51 
22  41.6; 
22  41.6 
22  42.0 
22  50.7 

t22  50.7 


2998,  94  Aqua.  j23  12.8  104    7 


2998,  94  Aqua 
r  3008 
r  3008 
S  3008 
8  Pegasi  (A.C.) 


23  12.8  104 
23  17.5  99 
23  17.5:  99 
23  17.5  99 
23  36.0|  61  25 


So.  356  r  Aqua.  23  39.8  109  21 
80.  356  I-  Aqua.  23  39.8il09  21 
So.  356  I-  Aqua.  23  39.81109  21 
2- 3049  a  Cassiop.  23  50. 1|  35  12 
J  3049  a  Cassiop.  23  50.1  j  35  12 
.13046  123  50.2jl00  10 

23046  23  50.2|lOO  10 

2- 3050  23  53.41  56  56 

2."  3050  123  53.4    56  56 


P 
C 
P 
C 

51  4l  P 
93  52'  P 

93  52  C 

94  4  P 
;»2  1  P 
12  1  C 
29  44   P 

C 
H 
P 
H 
P 
P 
C 
P 
C 
P 

c 

H 
H 
P 
C 
H 
H 
P 
H 
P 
P 
C 
P 
C 
H 
P 
C 
P 
H 
P 
C 
P 
C 
H 
P 
P 
C 


94  51 
94  51 
12  7 
93  53 
93  53 


322.71  3.35 
322.22  3.25 
271. 67120.24 
270.80  20.12 
171.76  3.46 
170.55 


325.60 
325.44 
182.42 
182.21 


3.68 
3.57 
3.6l[ 
3.54 
20.22 


ll83.53-20.33 
i304.86|  1.49 
298.27  26.71 
•297.99  27.61 


-254.77 

,254.59 

17.81 

16.14 

219.70 


j»  dtc.  VMT  sh>wl.v. 


6.-28 

6.12 

5.95  3.5  f&!i*6 

6.12    3 

9.60  3.5  ri^.T"' 


11  I  12 

10  10 
4      4 

11  11 


218.92    9.82    3 
307.19    7.89    3 


7.97, 
3.58 
3.91 
4.52 
4.72' 


7 

7 

2 

14 

9 

3 

3 

3 

1 

10 

6 

3 

3 

3 

1 

6 

6 

2 

6 

6 

2 

3 

3 

1 

6 

6 

2 

6 

7 

2 

3 

3 

1 

307.58 
^32.07 
332.37 
317.15 
317.28 

|316.90:  4.-23j 
'264.73!  9.84! 
114.53  27  62 
115.80  27.86 
114.44  27.91 
-253.17|  3.33 
253.-26  3.38 
,136.80  I  2 

-268.98|  2.04  3 
100.73jl4.28  3 
!100.87!l4.08;  3 
1346.17:13.681  3 
346.21113.70  3 
255.821  4.65 
-254.001  5.00 
253.76i  4.94 


}Finc  Binarv  ST-stcni. 
pd€0.3S«iu5;l>-Mrs, 
«  dvc.  1"^  in  58  yean^ 
IVriix).  perhspjt  atK>ut  '. 
p  dtc.  10*  since  I83I. 


p  dec.  5*.5  in  50  years. 


1.65 


5.53 
6.12 


186.71 
140.84 
140.84 
138.90 
326.65|  3.06 
327.42i  3.27 
246. 27|  2.70 
243.-25  3.48 
201.671  3.28 
■204.08    3.11 


183. 


ft  d«.  S*  in  39  rmnw 


;t  pmb.  inc.  slowljr. 
X  Dearir  constuit. 


MKASUHKS    OF    J)()l"BI.K    STAIJS.  47 

During  .several  years  of  my  earlier  work  in  this  Observatory,  numerous  inter- 
vals of  time  between  other  observations  were  employed  in  measin-ing  a  few  double 
stars  promiseuously  taken.  I  did  this,  rather  to  gain  experienee  and  facilitv  in 
determining  angles  and  distanees  with  a  filar  micrometer,  than  to  furnish  authori- 
tative measiu-es  for  the  stars  themselves.  I  also  wished  to  gain  some  ])i-actical  idea 
of  the  precision  which  I  might  expect  to  attain  in  such  work,  coiiijiaicd  willi  that 
of  observers  of  acknowledged  repute.  Of  course  many  of  the  earlier  measures 
were  defective;  and  some  have  been  entirely  rejected.  AMiile  only  a  few  stars 
api)ear  in  this  list,  and  most  of  them  well  known,  yet  in  these  odd  intervals  of  time 
more  than  eighteen  hundred  inde])endent  measui-es  Avere  made,  and  the  casual 
practice  thus  afforded  gave  some  fiicilit}-,  and  a  reasonable  accurac}^  in  this  field  of 
astronomical  work. 

On  a  careful  comparison  of  my  measures  Avith  those  of  trained  double-star 
observers,  who  may,  perhaps,  be  called  standard  observers,  I  find  in  them  a  pre- 
vailing peculiarity,  which  is  no  doubt  the  index  of  "Personal  Equation.*'  I  may 
thus  state,' in  a  general  form,  the  result  of  my  compai-isons.  'Sly  hal)it,  or  tendencv, 
is  to  measure  distances  too  large.  Very  seldom  do  I  measure  a  distance  too  small. 
My  tendency  is  also  to  measure  position-angles  too  large;  yet  I  much  more  fre- 
quently measure  them  too  small  than  I  do  distances.  This  general  statement 
applies  specially  to  the  distances  and  angles  for  close  pairs  of  stars.  For  distances 
greatei-  than  ~)"  or  6"  this  "personal  tendenc}'  "  seems  almost  to  disajipear;  and  I 
find  no  systematic  tliscrepancies  for  such  distances  between  my  oavu  measures  and 
those  of  skilled  oljservers. 

The  folloAving  scale  Avill  afibrd  a  toleral)ly  con-ect  approximation  to  mv  per- 
sonal difterence  for  varying  distances.  Writing  A  for  the  mean  of  the  distances  of 
any  pair  of  stars  as  determined  by  standard  observers,  and  ;r  for  the  position  angle, 
also  .s-  and  ji  for  the  same  general  quantities,  as  resiilting  from  my  own  observations; 
then  — 

For  distances  lietween  0"  aud  2",  A — s  varies  between  zero  and  —  .3".  and  -  —  ]>.  between  zero  and  =F5''. 
"  "         2"and4",A — «     "  "  "        — .4",  and  - — p,        "  "        =p3°. 

"  "         4"and6".A — *'     "  •'  "        — .2".  and^ — ji,        ••  •'        =Fl°- 

In  these  equations  I  have  written  the  negative  sign  iuvaiial)l\'  in  the  right 
hand  member  for  distances;  but  the  double  sign  in  the  right  hand  memliei-  for 
angles.  This  is  done,  because  I  seldom  measure  a  distance  too  small,  while  for 
separate  stars,  angles  are  measm-ed  too  small  about  one  time  in  four.  In  making 
these  comparisons  I  have  consulted  not  only  the  Manuals  of  Flammarion,  and  of 
Crossley,  Gledhill  &  Wilson,  but  also  the  work  of  the  Struves,  Hall,  Dembowski, 
Stone  and  Burnham,  as  well  as  the  various  series  published  of  late  years  in  the 
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Asfro)io)iiisc/i(  yaclirlchttii,  by  Schiiiparclli,  En^clinann  and  others.  T  mean  to 
say  that  these  ecinations  will  appi-o.ximate  to  tlie  average  result  of  ni}-  measures. 
As  in  all  avei'a>ies.  there  ai'e  I'Xtrenies  on  t-ither  sick'. 


MKAN    UliSL'I/rS    OF    DOlliLK- STAK    MKASFUKS. 


No. 

INNO.O 

p 

„^ 

A>„ 

p 

irl. 

^.|||•^. 

M.  I'ali.            li(-ii:iialii'n  i>f  Star. 

K.  A. 

N.r.  1). 

/(.      >/;. 

o          / 

c         / 

ti 

1 

1876.861 

2'  8,  27  Coti 

0    5.4 

93  45 

5 

4 

294.20 

7.07 

3 

Very  littlf  L'hau};c  ill  last  .'-0 

2 

76.8o9 

2"  46,  55  Piseium 

0  33.6 

69  13 

6 

3 

1 

190.00 

6.32 

3 

Very  little  ciinngc  in  last  .vi 

3 

76.94G 

2"  ISO,  Y  Aric'tis 

1  46.9 

71  18 

4 

4 

360.00 

8.78 

3 

Sintlll  rliangc  in  n  and  s  in 
lust  ^^1  yvars. 

4 

76.9.W 

2"  202, '/  Pisc'iuu) 

1  55.8 

87  49 

6 

5 

322.70 

3.05 

3 

Sluwly  clian;*ing  in  t  and  p. 

5 

76.790 

2"  205,  Y  Amlro. 

1  56.5 

48  15 

14 

10 

63.40 

10.46 

3 

A  and '!;'  One  night  by  Il.S.r 

6 

77.891 

2' 299.  ;-Ceti 

2  37.5 

HI  14 

8 

8 

291.00 

3.10 

3 

P  is  prob.  inc.  vcvy  slowly. 

7 

79.103   2'8;i4 

2  53.0 

83  50 

2 

4 

316.80 

1.84 

4 

Very  little  change  in  oO years. 

8 

76.853    2Tll.Sl.f/.T:uin 

4  13.0 

62  56 

6 

2 

127.25 

55.09 

3 

9 

79.104 

2'  GX.i'. 

5  13.7 

100  52 

8 

8 

274.95 

10.49 

4 

Nu  certain  eliangc. 

10 

77.076 

2"  774.  "  Orionis 

5  34.7 

92    0 

5 

5 

154.20 

2.70 

3 

A  and  B.    The  angle  increas- 
ing slowly. 
C.  W.  P.,  Jr.    One  night. 

11 

76.951 

2' 716,  llsTauri 

5  21.9 

64  57 

7 

6 

200.20 

4.87 

3 

12 

78.159 

Sirius 

6  39.7 

106  32 

6 

11.140 

5 

Clark  companion. 

.172 

Sirius 

6  39.7 

106  32 

6 

2 

55.55 

11.341 

2 

.175 

Sirius 

6  39.7 

106  32 

7 

6 

54.84 

11.344 

3 

.192 

Sirius 

6  39.7 

106  32 

13 

6 

53.87 

11.353 

3 

.230 

Sirius 

6  39.7 

106  32 

6 

54.10 

4 

.235 

Sirius 

6  39.7 

106  32 

8 

8 

54.32 

11.180 

5 

Mean 

78.193 

54.45 

11.243 

I7q 

13 

1878.192 

Sirius 

6  39.7 

106  32 

3 

158.16 

3 

Lassell  r<ininiii)i<iii.  <ji    (.olii- 
selniiidi  e..nii»uiuuii. 

.200 

Sirius 

6  39.7 

106  32 

4 

4 

159.30 

102.93 

4 

.203 

.Sirius 

6  39.7 

106  32 

5 

4 

157.95 

103.47 

4 

.219 

Sirius 

6  39.7 

106  32 

2 

2 

158.95 

107.90 

3 

.236 

Sirius 

6  39.7 

106  32 

6 

5 

157.69 

102.96 

5 

Mean 

78.210 

158.39 

103.45 

3^ 

14 

1878.194 

Sirius 

6  39.7 

106  32 

4 

1 

115.06 

66.32 

1 

.Marth  companion. 

.197 

.Sirius 

6  39.7 

106  32 

2 

3 

114.95 

67.13 

2 

.203 

Sirius 

6  39.7 

106  32 

3 

113.90 

2 

.223 

Sirius 

6  39.7 

106  32 

•3 

2 

113.58 

68.01 

3 

.246 

Sirius 

6  39.7 

106  32 

4 

70.67 

5 

Mean 

78.213 

114.36 

68.99 

2^ 

15 

1879.2671  Sirius 

6  39.9 

106  32 

4 

10.44 

3 

Clark  e»nipanu>n. 

.193    Sirius 

6  39.9 

106  32 

5 

5 

49.15 

10.42 

4 

.1791  Sirius 

6  39.9 

106  32 

2 

52.09 

3 

.103 

Sirius 

6  39.9 

106  32 

2 

4 

50.34 

10.80 

4 

.099 

Sirius 

6  39.9 

106  32 

3 

3 

51.94 

11.04 

4 

.086 

Sirius 

6  39.9 

106  32 

2 

■) 

48.25 

11.21 

4 

Mean 

7.9.155 

50.35 

10.78 

.3^ 

16 

1877.073 

2:982,  e  Geniin. 

6  47.3 

76  40 

4 

5 

1 

161.90 

6.35 

4 

Angle  slowly  decreasing. 

17 

76.964!  ^1110,«Geiniu. 

7  26.9 

57  .58 

11 

7 

3 

236.80 

5.61 

3 

Angle  decreases.    Binar>'. 

18 

77.304   2"  1196,  rCancri 

8    5.3 

.   71  59 

12 

6 

2 

131.00 

5.33 

4 

Angle  dec.  An  nnd  C. 

19 

77.324   2'1196,  r  Cancri 

8    5.3 

71  59 

14 

9 

2 

107.30 

0.74 

4 

A  and  B.    Angle  decreases. 

20 

79.146   2'1295.17Hvclrje 

8  49.6 

97  31 

« 

8 

2 

.j."i7.('>n 

1.36 

4 

Very  Uttle  change  in  '*^  ymrs 

MEASUKES    OF    DOUBLE    STARS. 
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No 

M.  Date. 

Designation  of  Star. 

INMO.O 

Pi. 

■*'» 

p 

, 

w. 

Notes. 

U.A. 

N.  P.  D. 

~ 

h.        m. 

0      ; 

0      / 

II 

.  21 

1878.228 

Z  1424, )'  Leonis 

10  13.4 

69  33 

24 

17 

6 

113.20 

3.70 

3 

Angle  inc.  slowly,  and  diet- 
variablc. 

22 

77.333 

vi523,,-U.Maj. 

11  11.8 

57  47 

6 

7 

1 

291.50 

1.35 

4 

Binarj'.    Period  about  CO  yre. 

23 

78.546 

^1530 

11  13.6 

96  15 

15 

8 

5 

310.70 

7.78 

4 

Very  little  change  in  50  yra. 

24 

79.006 

2-1670,  )' Vir. 

12  35.6 

90  47 

21 

21 

5 

336.33 

5.07 

4 

Rapifl  Binar>'.  Period  150  yrs. 

2o 

79.445 

2- 1692, 12  C.V. 

12  50.4 

51    2 

8 

3 

1 

228.61 

19.88 

5 

Little  change  in  HO  years. 

26 

79.397 

2- 1742 

13  18.0 

87  58 

8 

8 

3 

349.83 

1.45 

3 

Very  little  change  in  50  JT8. 

27 

79.562 

2  1777,  0  Vir. 

13  37.0 

85  51 

8 

6 

2 

227.68 

3.59 

4 

The  angle  dec.  slowly. 

28 

79.421 

Nerti-  02  273 

9 

9 

3 

337.97 

1.29 

4 

This  star  was  meag.  for  03  273. 
Pnih.  a  slip  of  Dec.  Vernier. 

29 

78.347 

y  1877,  £  Bootis 

14  39.7 

62  25 

27 

27 

5 

326.80 

2.90 

4 

Yellow  and  green.  Angle  inc. 
slowly. 

30 

79.161 

Z  1873 

14  .38.9 

81  47 

12 

12 

4 

94.01 

6.83 

4 

Very  little  change  in  50  yrs. 

31 

79.562 

y  1888,  ?  Bootis 

14  45.8 

70  24 

8 

8 

2 

278.30 

4.35 

4 

Angle  and  distance  both  de- 

32 

79.592 

2"  1 909,44  Bootis 

14  59.8 

41  52 

8 

8 

2 

238.20 

4.88 

4 

Binarj'.    Angle  inc.  slowly. 

33 

78.804 

Z  1937,  y,  Cor. 

15  18.2 

59  17 

31 

26 

6 

84.43 

0.87 

3 

Kapid  Binary.   Period  43  yrs. 

34 

79.579 

V  1954,  ^  Ser. 

15  29.1 

79    3 

8 

8 

2 

189.04 

3.56 

4 

Angle  decreases.  • 

35 

79.397 

^1962, 178  Lib. 

15  32.2 

98  24 

9 

10 

2 

187.38 

11.77 

4 

Almost  no  change  in  50  yrs. 

36 

76.453 

^1965,  :  Cor. 

15  36.3 

52  59 

4 

2 

1 

299.90 

6.30 

3 

11.  S.  R    Very  small  change 

37 

78.798 

2  1998,  i  Scor. 

15  57.8 

101    2 

19 

16 

4 

68.25 

7.48 

4 

■y  and  C.    II.S.P.  one  night. 

38 

76.453 

2  1998,  ?  Scor. 

15  57.8 

101    2 

3 

2 

1 

147.47 

43.20 

3 

U.S.P.     *„"  """i  D- 

3<J 

79.583 

2  1998,  ?  Scor. 

15  57.8 

101     2 

8 

8 

2 

185.65 

1.47 

3 

A.  B.    Fiiie  double  double. 

40 

79.504 

^   Scorpii 

15  68.5 

109  29 

5 

5 

2 

24.17 

13.51 

4 

A.  and  C. 

41 

79.581 

11  Scorpii,  ^  39 

16    1.0 

102  26 

7 

9 

2 

256.50 

3.31 

4 

42 

79.536 

V   Scorpii 

16    5.0 

109    9 

9 

8 

3 

336  80 

40.95 

4 

Double  double,  A)"  andC, 

43 

79.549 

V   Scorpii 

16    5.0 

109    9 

7 

4 

2 

45.40 

2.00 

4 

C.  and  D. 

44 

78.879 

2  2032,  ff  Cor. 

16  10.2 

55  50 

12 

15 

3 

202.00 

3.74 

4 

A.  and  B.  Angle  and  distance 

45 

79.624 

2  2032,  CT  Cor. 

10  10.2 

55  50 

2 

2 

1 

87.25 

55.52 

3 

A.  and  D. 

40 

79.661 

2  2021,  49  Ser. 

16    7.7 

76    9 

3 

3 

1 

331.63 

3.78 

4 

Angle  increasing,  distance 

47 

78.937 

Antares 

16  22.0 

116  10 

17 

23 

6 

270.93 

3.11 

4 

Little  change  since  1&46. 

48 

78.567 

Z  2055,  ).  Oph. 

16  24.9 

87  45 

10 

10 

4 

33.12 

1.60 

4 

Rapid  Binary. 

49 

77.623 

2  2010,  X  Her. 

16    2.6 

72  38 

6 

5 

1 

9.33 

29.96 

4 

Angle  and  distance  change 
slowly. 

50 

77.568 

2  2084,  :  Her. 

16  36.8 

58  11 

5 

5 

1 

141.20 

1.60 

3 

Ven*  rapid  Binary.     Period 
33  years. 

79.670 

2  2084,  :  Her. 

16  36.8 

58  11 

12 

12 

3 

124.93 

1.56 

4 

51 

79.675 

2"  21.30,  //.  Dra. 

17    2.9 

35  22 

3 

3 

1 

166.63 

2.70 

4 

Angle  and  Dist.  dec.    Retro- 
grade Binar\*. 

52 

78.489 

2  2140,  «  Her. 

17    9.1 

75  28 

18 

18 

4 

115.26 

4.73 

4 

Very  little  change  in  lOOjTS. 
Fine  contrast  of  colors.  R.&  G. 

53 

77.605 

V2161,  ^  Her. 

17  19.5 

52  44 

11 

13 

2 

311.41 

3.89 

4 

Distance  probably  increases. 

54 

78.564 

2  2168 

17  29.7 

88  55 

14 

11 

3 

80.71 

2.87 

4 

Little  change. 

55 

78.724 

2-2244 

17  50.9 

89  55 

7 

3 

2 

276.25 

1.15 

3 

Little  change. 

56 

78.967 

Z  2262,  r  Oph. 

17  56.5 

98  11 

14 

13 

3 

250.39 

1.73 

3 

Angle  increases.    ».  varioblc 

57 

78.590 

Z  2272,  70  Oph. 

17  59.4 

87  28 

17 

17 

4 

75.52 

3.20 

4 

Splendid  Binarj-.     Period  80 
years. 

58 

78.703 

2  2382,  nLyrffi 

18  40.4 

50  27 

9 

8 

2 

16.60 

3.16 

4 

Angle  changes. 

59 

79.685 

Z  2383,  r.  Lyr* 

18  40.4 

.50  27 

6 

6 

2 

139.61 

2.53 

4 

Angle  changes. 

60 

76.888 

237Appi,=-i=,Lv 

18  40.4 

50  27 

5 

2 

1 

172.90 

207.02 

4 

61 

79.595 

Z  2513 

19  19.1 

87  47 

10 

8 

2 

318.41 

2.45 

3 

Small  change  in  angles. 

62 

78.486 

2  2519 

19  21.6 

99  47 

7 

4 

1 

123.42 

11.40 

4 

Little  change. 

63 

78.669 

2  2621 

19  58.8 

81     6 

7 

4 

2 

222.77 

5.93 

4 

Vei^'  small  change. 

61 

79.648 

-  Capric,  jj  60 

20  20.4 

108  36 

4 

6 

2 

146.10 

3.41 

4 

65 

79.569 

p  Capric,  pi  61 

20  22.0 

108  13' 

7 

6 

2 

174.33 

2.96 

4 

66 

79.702 

2  2735 

20  49.4 

85  55 

3 

3 

1 

285.39 

2.30 

4 

Very  little  change. 

67 

79.687 

2  2737,  c  Equ. 

20  53.1 

86  10 

6 

6 

2 

75.15 

10.90 

4 

■*"  and  C.  Changes  very  small. 

68 

79.687 

2  2737,  £  Equ. 

20  53.1 

86  10 

6 

6 

2 

288.66 

1.09 

4 

A.  and  B.  Changes  very  small. 

69 

78.664 

2-2742 

20  56.3 

83  18 

13 

12 

3 

220.95 

2.67 

4 

Changes  very  doubtful. 

70 

79.715 

2  2749 

20  58.7 

86  57 

6 

7 

2 

155.51 

3.57 

4 

Angle  slowly  inc.  A.  and  ^^ 

71 

79.721 

2:2749 

20  58.7 

86  57 

3 

3 

1 

148.14 

1.22 

4 

B.  and  C.  p  and  a  inc.  slowly. 

72 

76.792 

2-2727,  yDelph. 

20  41.8 

71  18 

6 

4 

1 

273.40 

10.91 

4 

p  and  s  decrease  slowly. 

73 

78.638 

2-2781 

21  10.3 

98    9 

4 

6 

2 

167.50 

3.54 

3 

Angle  probably  decreases. 

74 

78.622 

2-2848 

21  52.0 

84  38 

18 

15 

.3 

55.32 

11.00 

4 

Change  very  doubtful. 

75 

77.686 

2  2909,  :  Aqua. 

22  22.6 

90  38 

8 

8 

2 

333.14 

3.74 

4 

Angle  decreases. 

50  Pinu-ICATIOXS   OF   MOHIUSON   OBSKUVATOUY. 

METKOHOLOCICAL    OBSEKVATIONS. 

Expla nations  of  the  Record.  The  niete()rol()<:;ic'al  observations  made  at 
MoKRisoN  Observatoky  are  primarily  for  Observatory  use,  especially  those  of 
temperatures  and  pressures.  But  as  the  i-ecord  of  these  observations  may  be  of 
some  use  in  studying  the  laws  and  vicissitudes  of  climate  in  central  Missoiu'i, 
a  monthly  synopsis  of  results  is  now  puljlished.  Beginning  with  Oct.  1,  1877,  it 
includes  the  eight  years  ending  with  Oct.  1,  188o. 

The  observations  are  made  three  times  during  the  civil  day  of  twenty-four 
hours.  They  consi-st  in  reading  the  attached  and  external  thermometers,  reading 
the  barometer,  estimating  the  degree  of  cloudiness,  noting  the  direction  and  relative 
velocity  of  the  wind,  and  noting  such  other  special  phenomena  as  are  considered 
important  or  interesting.  The  times  of  reading  and  estimation  are  at  or  near 
7*,  12*,  19*;  reckoning  the  hours  from  zero  at  midnight  up  to  24.  The  degree  of 
cloudiness  is  reckoned  in  units  up  to  10,  which  denotes  entirely  overcast.  The 
monthly  per  cent,  of  cloudiness  shown  in  the  following  tables  is  really  not  a  })roper 
estimate  of  the  relative  prevalence  of  clouds  and  clear  skies,  but  only  the  estimated 
relation  of  the  tAvo  for  the  hours  of  reading.  Could  we  have  a  correct  picture  of 
the  vaulted  dome  above  and  around  us,  showing  the  absolute  ratio  of  cloud  preva- 
lence to  clear  sky  during  every  half  hour  of  the  day,  I  am  very  sure  the  per  cent, 
of  cloudiness  would  be  10  or  15  per  cent,  higher  than  that  determined  by  the  three 
daily  estimates.  As  no  anemometer  has  been  kept,  only  the  relative  velocity  of 
winds  prevalent  since  last  reading  is  given.  All  winds  are  compared,  as  far  as 
practicable,  with  a  light  breeze  as  a  unit.  In  the  absence  of  absolute  determination 
of  wind  motion,  this  comj^arison  may  have  its  use  for  general  piu'poses.  The 
scale  of  comparison  runs  from  1  to  10.  At  ten  we  reach  the  limit  of  our  strongest 
winds  short  of  violent  storms,  hurricanes  and  tornadoes,  which  are  noted  as  special 
phenomena.  The  direction  of  winds  is  given  for  the  nearest  octant.  Under  each 
octant  is  recorded  the  number  of  times  each  month  the  wind  blew  from  that 
direction,  and  its  mean  monthly  relative  velocity.  The  monthly  means  of  the 
actual  readings  of  the  barometer  and  thermometers  are  given  for  7*,  12*,  19*,  B 
standing  for  bai-ometer,  T^.  the  thermometer  attached  to  the  barometer  tube,  and 
Te  the  external  thermometer.  For  descrijjtion  and  exposure  of  these  instruments, 
see  the  introduction.  The  barometer  cistern  stands  750  feet  above  sea  level,  and 
no  reductions  have  been  applied.  As  no  self-registering  instruments  have  been  in 
use,  the  given  maxima  and  minima  are  those  obtained  by  special  watching  at  or 
near  extremes  of  tempeiviture  and  pressure. 
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DIRECTION   AND   COMl'.VKATIVE   VELOCITY   OK    WINDS. 


K. 

X.K. 

-        1 

...«.      1 

,v.        1 

S.W.         1 

>.         1 

s..,.      1 

Dates. 

j 

j 

Dir.       R.  v. 

Dlr.  '  R.V. 

i 

Dir. 

R.V. 

Dlr. 

R.V. 

Dir. 
23 

R.V. 

Dir. 

12 

R.V. 

4.7 

Dir. 
13 

R.V. 

Dir. 

8 

s.v 
3.1 

1878,  October 

11         2.7 

6      3.0 

10  ;   2.2 

10 

3.8 

2.0 

2.5 

November 

U        2.7 

12      3.4 

1   j  2.0 

21 

2.5 

22 

2.4 

6 

1.6 

5 

2.0 

9 

3.0 

December 

5      2.5 

5    :   3.1 

3 

1.0 

25 

2.5 

36 

2.6 

9 

2.1 

4 

1.5 

6 

1.9 

1879,  January 

8      2.6 

4      3.2 

2 

1.0 

17 

3.3 

29 

•■2.\j 

14 

3.4 

4 

2.5 

10 

2.9 

Feliriiarv 

3      3.0 

1      3.0 

13 

3.0 

21 

3.9 

13 

2.7 

10 

3.0 

8 

3.5 

14 

3.2 

INIarch 

12      2.9 

9      3.(5 

6 

2.5 

21 

3.9 

3 

4.0 

9 

4.0 

9 

3.8 

11 

3.3 

April 

10      1.8 

11      1.8 

11       1.2  1 

11 

2.6 

9 

2.1 

4 

1.2 

4 

1.0 

20 

1.9 

May 

19  1  2.1 

8       l.!» 

5 

2.8 

4 

2.5 

14 

1.7 

8 

3.1 

14 

3.3 

16 

3.0 

June 

17      2.3 

3      1 .0 

4 

1.5 

8 

2.5 

15 

2.0 

4 

2.0 

10 

2.6 

24 

2.6 

July 

22      1.5 

7      1.3 

3 

0.3 

8 

2.2 

12 

1.8 

8 

2.2 

17 

2.2 

9 

1.1 

August 

13      2.0 

10      2.2 

5 

2.6 

11 

2.4 

8 

2.0 

13 

2.7 

19 

2.6 

9 

1.9 

September 

15  1   1.8 

10      2.6 

2 

3.0 

13 

3.0 

11 

2.8 

4 

3.7 

8 

3.3 

20 

3.2 

1879,  October 

10      1.9 

8      ].] 

1 

3.0 

13 

2.7 

10 

1.8 

4 

1.6 

14 

1.6 

29 

2.4 

November 

12      1.9 

6  1  2.1 

2 

2.5 

14  ■  3.3 

14 

2.4 

6 

2.7 

9 

2.0 

22 

2.4 

December 

18  !  1.9 

4   1 

1.8 

3 

2.6 

19      2.1 

18 

2.5 

4 

3.5 

7 

2.7 

20 

2.0 

1880,  January 

11   '  2.3 

4 

2.2 

G 

2.1 

IS 

3.2 

17 

2.4 

11 

1.4 

14 

2.3 

12 

2.6 

February 

11   j  2.0 

2 

2.5 

7 

2.0 

18 

2.4 

17 

2.9 

8 

3.5 

10 

3.4 

14 

3.2 

March 

18 

2.3 

6 

3.0 

4 

2.8 

23 

2.2 

16 

2.4 

5 

3.4 

7 

3.6 

13 

3.3 

April 

6 

2.8 

7 

2.1 

6 

2.2 

19 

3.0 

20 

3.0 

8 

3.6 

12 

3.8 

13 

2.8 

May 

19 

2.3 

6 

1.7 

4 

1.5 

6 

1.8 

11 

2.5 

8 

2.9 

15 

2.2 

25 

2.5 

June 

24 

2.2 

6 

1.8 

1 

1.0 

6 

2.6 

14 

2.7 

3 

3.3 

20 

2.6 

17 

2.6 

July 

10 

2.0 

6 

0.8 

4 

1.2 

16 

2.2 

21 

1.9 

12 

2.7 

11 

2.4 

12 

2.2 

August 

21 

1.4 

4 

2.5 

1 

1.0 

11 

1.5 

12 

0.7 

6 

2.3 

11 

1.6 

22 

1.6 

September 

14 

I 

2.0 

0      1.3 

5 

1.2 

19 

2.4 

17 

1.7 

4 

2.7 

15 

2.3 

10 

2.7 

1880,  October 

1 
17 

2.3 

5      1.6 

3 

2.3 

20 

2.9 

15 

2.6 

10 

3.2 

6 

3.3 

17 

2.8 

November 

8 

1.5 

5 

1.6 

1 

2.0 

28 

2.8 

25 

2.2 

7 

2.1 

4 

1.7 

14 

2.1 

December 

15  !  2.9 

10 

2.5 

5 

2.4 

14 

2.9 

25 

2.1 

4 

2.1 

4 

3.0 

16 

2.1 

1881,  January 

19  j  2.4 

2 

3.0 

6 

2.8 

30 

2.6 

17 

2.1 

3 

1.6 

5 

2.6 

12 

2.4 

February 

19      3.0 

4  !  3.0 

1 

2.0 

19 

2.7 

15 

2.9 

7 

2.1 

2 

2.0 

16 

3.3 

March 

20  1  3.1 

0 

0.0 

5 

3.2 

32 

4.0 

26 

2.6 

0 

0.0 

1 

2.0 

8 

2.7 

April 

35  !  2.8 

20 

2.0 

0 

0.0 

20 

3.7 

14 

2.6 

0 

0.0 

2 

2.0 

17 

3.0 

May 

35  •!  2.2 

2 

2.0 

1 

2.0 

9 

2.7 

10 

2.9 

4 

2.2 

0 

0.0 

31 

2.5 

June 

24  :  3.1 

3  1  3.6 

6 

1.5 

7 

3.4 

14 

3.6 

10 

4.3 

6 

2.6 

19 

3.0 

July 

24  1  2.3 

15  ;  2.2 

2 

2.0 

9 

2.0 

16 

2.3 

21 

2.6 

3 

1.6 

6 

1.6 

August 

27  :  2.0 

20 

3.0 

4 

3.0 

2 

2.5 

14 

2.6 

7 

2.6 

5 

2.8 

17 

2.9 

September 

11      2.1 

0 

0.0 

4 

1.2 

13 

2.5 

14 

2.9 

15 

3.9 

18 

3.0 

16 

3.5 

1881,  October 

21      2.8 

4 

3.7 

3 

1.2 

8 

2.7 

18 

2.3 

4 

2.5 

15 

2.8 

19 

2.5 

November 

9 

3.2 

2 

2.0 

0 

0.0 

21 

3.3 

29 

2.6 

1 

4.0 

11 

2.6 

9 

3.3 

December 

11 

2.3 

1 

3.0 

0 

0.0 

21 

3.0 

2 

1.9 

7 

2.8 

6 

3.0 

26 

2.0 

1882,  January 

20 

3.0 

5 

2.2 

4 

3.0 

19 

2.9 

11 

2.5 

9 

2.3 

8 

2.4 

18 

2.4 

February 

6 

1.8 

9 

2.9 

5 

2.8 

4 

1.0 

22 

1  1.8 

11 

3.5 

6 

3.0 

21 

3.4 

March 

22 

2.6 

6 

2.5 

5 

3.0 

17 

3.0 

20 

4.0 

3 

3.0 

6 

3.1 

14 

2.4 

April 

16 

3.0 

9 

4.0 

2 

1.3 

15 

2.4 

21 

3.2 

5 

3.2 

4 

4.0 

20 

3.0 

May 

2 

2.7 

10 

2.1 

3 

2.0 

14 

3.0 

16 

3.0 

2 

5.0 

3 

5.7 

25 

2.5 

June 

13 

2.5 

7 

3.0 

0 

0.0 

10 

3.1 

16 

3.2 

13 

3.6 

20 

2.9 

9 

1.9 

July 

14 

2.1 

9 

1.4 

3 

2.7 

10 

2.3 

16 

2.4 

4 

2.2 

12 

2.1 

22 

2.0 

August 

12 

1.7 

12 

2.2 

4 

2.5 

19 

2.9 

13 

2.6 

1 

3.0 

10 

2.7 

22 

2.1 

Septembei 

24 

2.2 

12 

2.5 

0 

0.0 

8 

2.2 

12 

2.8 

3 

3.3 

5 

4.2 

21 

2.7 

1882,  October 

13 

2.1 

7 

2.3 

3 

1.7 

10 

2.2 

13 

1.9 

6 

2.8 

7 

3.7 

34 

2.6 

November 

11 

1.7 

5 

1.4 

2 

3.0 

21 

3.3 

18 

3.0 

8 

4.0 

4 

3.0 

13 

2.4 

December 

' 

2.4 

4 

1.:.' 

6 

2.3 

21 

3.4 

29 

2.6 

7 

2.4 

0 

0.0 

23 

',3.0 
1 
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inHI.K  ATIONS    OF    MOlilUSON    015SKUVAT0RY. 


Dates. 

K. 

^..:. 

^•.        1 

.\. 

IV. 

.V. 

s.w.      1 

s.        1 

....    1 

DIr. 

n.v. 

Dlr. 

K.y. 

Dlr. 

R.  v. 

Dlr. 

n.y. 

Dlr. 

K.  y. 

Dlr. 

R.y. 

Dlr. 

K.y. 

Dlr. 

u.\- 

1883,.Tamiarv 

18 

2.5 

9 

3.3 

0 

0.0 

24 

3.6 

27 

3.0 

1 

2.0 

2 

3.0 

13 

3.2 

February 

22 

•>  •) 

4 

2.7 

0 

0.0 

23 

2.9 

25 

2.8 

6 

2.0 

0 

0.0 

7 

2.0 

MariL 

15 

3.0 

24 

3.1 

5 

3.4 

23 

3.4 

13 

3.2 

13 

3.9 

0 

0.0 

2 

2.5 

April 

8 

1.0 

7 

3.6 

4 

3.5 

10 

2.4 

13 

3.4 

16 

3.6 

3 

2.0 

27 

3.1 

M:iv 

;) 

•>  •) 

4 

0   •) 

5 

2.6 

25 

3.1 

10 

2.8 

18 

4.1 

0 

2.4 

19 

3.4 

June 

11 

2.7 

5 

1.7 

1 

2.0 

18 

4.3 

25 

5.1 

6 

1.7 

4 

1.1 

18 

4.8 

July 

11 

2.3 

11 

3.0 

.3 

2.7 

10 

2.8 

12 

2.1 

22 

3.8 

13 

3.3 

11 

2.1 

August 

16 

1.9 

8 

1.2 

3 

1.3 

18 

2.6 

20 

1.9 

0 

3.2 

10 

2.9 

16 

2.4 

September 

17 

1.5 

16 

2.9 

i) 

2.2 

16 

2.3 

7 

2.6 

13 

3.5 

6 

3.3 

10 

2.3 

1883,  October 

20 

2.0 

21 

2.6 

4 

2.0 

15 

2.0 

12 

2.4 

4 

3.5 

1 

2.0 

19 

3.0 

November 

6 

1.7 

•> 

4.0 

1 

1.0 

18 

3.1 

16 

2.6 

11 

2.7 

13 

3.4 

21 

2.9 

December 

6 

2.5 

2' 

2.0 

2 

1.0 

25 

3.0 

19 

1.5 

12 

2.2 

4 

1.5 

20 

2.2 

1884. January 

4 

1.5 

7 

2.0 

0 

0.0 

34 

3.0 

15 

2.3 

10 

1.8 

4 

2.0 

11 

1.6 

February 

9 

1.8 

17 

2.5 

0 

0.0 

19 

3.8 

14 

3.0 

9 

3.0 

1 

2.0 

15 

2.9 

March 

00 

2.7 

■>■> 

2.7 

1 

3.0 

22 

3.3 

8 

2.6 

9 

2.1 

4 

1.5 

19 

3.3 

April 

13 

2.0 

■)■) 

2.6 

3 

2.6 

13 

3.7 

19 

2.2 

12 

3.3 

2 

6.0 

13 

3.0 

May 

8 

l.G 

16 

3.0 

0 

0.0 

20 

2.4 

21 

2.1 

6 

2.0 

4 

2.7 

18 

2.1 

June 

16 

1.8 

11 

1.9 

3 

2.0 

8 

2.6 

11 

2.3 

2 

1.5 

4 

2.7 

35 

1.9 

July 

7 

2.4 

12 

1.8 

7 

2.1 

19 

2.3 

11 

2.1 

4 

3.0 

11 

2.5 

23 

2.4 

August 

4 

2.5 

16 

2.5 

5 

1.2 

16 

2.2 

8 

2.4 

8 

2.9 

10 

2.7 

25 

September 

4 

3.2 

10 

2.0 

3 

1.7 

8 

2.1 

3 

2.0 

6 

2.3 

27 

2.3 

31 

2.4 

1884,  October 

3 

2.6 

4 

2.0 

2 

3.0 

15 

2.5 

21 

2.3 

8 

2.7 

13 

4.3 

16 

2.4 

November 

6 

2.7 

9 

3.0 

4 

2.1 

26 

2.8 

8 

3.3 

17 

2.1 

8 

1.7 

12 

2.2 

December 

13 

3.5 

8 

2.6 

2 

5.0 

21 

3.0 

21 

2.4 

1 

3.0 

2 

1.0 

25 

2.0 

1885,  January 

9 

3.0 

17 

2.5 

0 

0.0 

21 

3.6 

11 

2.0 

11 

2.1 

2 

1.5 

22 

2.4 

FebriKirv 

6 

3.3 

18 

2.9 

4 

2.2 

19 

3.4 

15 

3.2 

17 

2.5 

4 

1.0 

2 

2.0 

March 

11 

0  0 

18 

3.1 

0 

0.0 

28 

3.2 

10 

2.8 

17 

2.4 

4 

1.2 

6 

2.V 

April 

8 

3.0 

19 

2.0 

0 

0.0 

23 

3.0 

i) 

3.0 

10 

2.0 

5 

2.0 

20 

3.0 

May 

4 

3.2 

10 

2.0 

3 

3.3 

30 

2.6 

17 

2.4 

9 

2.9 

4 

2.7 

22 

2.4 

June 

16 

2.1 

:9 

2.1 

2 

2.5 

8 

3.5 

6 

4.2 

6 

3.5 

16 

3.5 

22 

2.4 

July 

7 

1.9 

13 

1.8 

0 

0.0 

12 

1.5 

19 

3.0 

6 

3.5 

22 

3.0 

38 

2.0 

August 

5 

2.2 

22 

0.0 

1 

1.0 

18 

2.7 

7 

1.7 

9 

3.3 

10 

3.8 

21 

1.9 

September 

3 

2.7 

27 

2.4 

3 

3.0 

15 

3.0 

6 

2.1 

8 

2.3 

8 

3.3 

23 

2.6 

MONTHLY  ME.VXS   AND   EXTREMES   OF   PRESSURE. 
(For  Heiout  axd  Descriptiox  of  Baro-meteh,  see  the  Introduction-.) 


llal.s. 

I'RESSl'RES. 

.MlNIJIl'M  PRES.SI-HKS. 

N.jti'S 

Monllily  Means. 

Date. 

KKiiIing. 

Date. 

Eeading. 

1877,  October 
November 
December 

1878,  January 
February 
March 
April 
May 
June 
July 
August 
September 

29.256 
29.267 
29.311 
29.190 
29.162 
29.152 
29.018 
29.228 
29.240 
29.287 
29.255 
29.336 

10 
10 

13 

6 

26 

18 

28 

9 

5 

2 

16 

26 

29.530 
29. (".."ill 
2'.i.(;:;G 
29.(;:;2 

29.(;i2 
29.4  63 
29.2.S1 
29.480 
29.460 
29.412 
29.376 
29.660 

19 

26 

4 

31 

21 

27 

9 

6 

2 

25 

20 

28 

28.700 
28.842 
28.790 
28.934 
28.590 
28.738 
28.582 
28.870 
28.950 
28.9.54 
29.124 
28.988 

For  1877-78,  the  means  are  given  only  for 

The  Animal  Mean  for  noon  of  this  year  le 

Moan  I^'  Maxima,  2!1..'.1(1  inches. 
Mean  of  Minima,  28.8ay  inehes. 

The  low  Barometer,  June.  1,  corresponds 
to  the  great  Tornado  at  Richmond,  Mo. 

METEOKOHHilCAL    OBSKKVATIOXS. 
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MONTHLY   MEANS    AND   EXTUEMES   OF   TRESSUHES. 


Duti-3. 

GK^ 

ERAi.  Means. 

-™-       1 

.Minima. 

NutLS. 

Morning. 

Xoon.         Evening. 

Date.  1 

Ucadinjc. 

Date. 

Reading. 

1878,  October 

29.310 

29.268 

29.253 

26  !  29.730 

15 

2'S.8.")n 

November 

29.292 

29.298 

29.243 

2 

29.660 

22      2.S..S5.S 

December 

29. .'548 

29.328 

29. ,332 

23 

29.724 

10      2H.«7(> 

1879,  January 

29.398 

29.328 

29.331 

2 

29.730 

15  1  2.s..s;ii; 

February 

29.339 

29.352 

29.281 

25 

29.780 

24     2N.78() 

jNIarch 

29.422 

29.321 

29.235 

10 

29.666 

19   \  2.S.966 

April 

29.233 

29.195 

29.194 

•> 

29.532 

9   ■  2.S.704 

ISIay 

29.263 

29.255 

29.195 

7 

29. -540 

2   '  28.,s(l2 

June 

29.268 

29.233 

29.207 

16 

29.520 

14     2.S.S.S1' 

July 

29.288 

29.252 

29.236 

5 

29.450 

11   '  29.()SO 

August 

29.282 

29.271 

29.231 

8 

29.500 

22 

29.038 

September 
Annual  ^Means 

29.389 
29.319 

29.407 

29.324 

23 

29.624 

2 

20.110 

29.292 

29.255 

29.621 

28.815 

1879,  October 

29.414 

29.408 

29.376 

23 

29.830 

16 

29.000 

November 

29.292 

29.290 

29.250 

19 

29.782 

7 

2.s.,so() 

December 

29.297 

29.292 

29.219 

24 

29.726 

28 

2.S.676 

1880,  January 

29.242 

29.229 

29.206 

11 

29.682 

20 

28.844 

February 

29.282 

29.263 

29.209 

18 

29.876 

11 

28.636 

!March 

29.269 

29.261 

29.255 

13 

29.652 

26 

28.619 

April 

29.216 

29.209 

29.015 

30 

29.678 

18 

28.576 

Tlu*  low  prpBHurc,  April  18,  corregpondB 
to  great  Turnado  at  JIarslificId,  Mo. 

May 

29.251 

29.237 

29.207 

15 

29.580 

29 

28.792 

June 

29.227 

29.265 

29.219 

16 

29.580 

5 

28.750 

July 

29.324 

29.314 

29.272 

21 

29.476 

2 

29.102 

August 

29.286 

29.300 

29.232 

8 

29.494 

19 

29.084 

September 
Annual  Means 

29.376 

29.358 

29.304 

19 

29.582 

25 

28.998 

29.290 

29.286 

29.230 

29.662 

28.740 

1880,  October 

29.349 

29.333 

29.283 

11 

29.650 

15 

28.732 

November 

29.400 

29.384 

29.366 

20 

29.808 

10 

28.821 

December 

29.337 

29.319 

29.263 

8 

29.812 

4 

28.542 

1881,  January 

29.319 

29.309 

29.302 

27 

29.782 

15 

2S..S2G 

February 

29.2.52 

29.312 

29.239 

15 

29.638 

26 

2.s.('mS(; 

March 

29.121 

29.114 

29.104 

25 

29.-536 

11 

2.s.l."i() 

April 

29.226 

29.224 

29.216 

28 

29.528 

11 

2.s.s2r, 

]\Iay 

29.256 

29.269 

29.215 

2 

29.512 

29 

2.s.S-_'.s 

June 

29.216 

29.209 

29.157 

30 

29.446 

5 

2.s.s'.l2 

July 

29.331 

29.352 

29.309 

1 

29.514 

19 

29.()(;.S 

August 

29.306 

29.300 

29.239 

24 

29.420 

29 

29.0G0 

September 
Annual  Means 

29.231 

29; 230 

29.194 

10 

29.462 

15-26 

28.970 

29.279 

29.280 

29.241 

29.592 

28.808 

1881,  October 

29.300 

29.307 

29.284 

12 

29.570 

28 

28.712 

November 

.29.317 

29.301 

29.292 

8-14 

29.768 

4-7 

2S..'^50 

December 

29.325 

29.320 

29.303 

14 

29.670 

27 

2s..s,'iii 

1882,  January 

29.301 

29.309 

29.287 

21 

29.860 

25 

28.800 

February 

29.237 

29.249 

29.243 

23 

29.550 

28 

28.674 

Slarcli 

29.274 

29.276 

29.262 

23 

29.708 

17 

28.816 

The  low  pressure  April  18,  corresponds 
tu  Tornado  at  Brownsville,  Mo. 

April 

29.232 

29.224 

29.170 

29 

29.540 

18 

28.692 

jMay 

29.192 

29.222 

29.172 

17 

29.572 

4 

2.s.,si)2 

June 

29.211 

29.209 

29.159 

5 

29.500 

2 

28.800 

July 

29.338 

29.344 

29.300 

22 

29.592 

3 

29.100 

August 

29.327 

29..321 

29.280 

19 

29.544 

4 

29.140 

September 
Annual  Means 

29.359 

29.362 

29.322 

25 

25.574 

18 

29.112 

29.284 

29.287 

29.256 

29.621 

28.862 
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rriti.irATioxs  t>F  Moinusox  ousekvatory. 


IVi-.i  .. 

Gknku.vl  Mkans. 

»■— • 

M,.S,M.. 

Nali'S. 

Morning. 

Noon. 

Evening. 

Date. 

Keailiiig. 

Dule. 

Reading. 

1882,  October 

29.250 

29.239 

29.206 

18 

29.510 

30 

28.752 

The  li>wcst    prfssurc  yet    recorded  here 

November 

2!l.377 

29.364 

29.346 

2 

29.666 

22 

29.026 

\i.,     ■:_    .  .rn  .i.,,ti.liM.:  Iii'IVmado  ID 

Deeciiiber 

21).  3  05 

29.268 

29.324 

7 

30.100 

19 

28.584 

til          ■   1'..'     -r  III. [Ill    Kvtmordinary 

1883,  Jamuiiy 

2it.331 

29.327 

29.332 

18 

29.800 

29 

28.862 

(     ,-,..,  i„.l  M,.  nil  .!«>'.  Uor.  :".l.(»20D5(h! 

Fel)niaiv 

21). 562 

29.428 

29.406 

18 

29.894 

15 

28.772 

A  month  of  unusually  high  pressure. 

March 

29.299 

29.249 

29.280 

7 

29.728 

18 

28.800 

("There  were  four  days  of  April  with  no- 
table Tornado  conditions,  l.i,  17, 18, 3S. 

April 

29.132 

29.122 

29.087 

24 

29.488 

22 

28.532 

1    Tornadoes  occurred  at  Kansas  Citv. 
1     Racine,  Wis,,  in  S.  E.  Missouri,  and 

M:x\ 

29.196 

29.219 

29.180 

11 

29.560 

14^ 

18| 

28.774 

1    S.W.  Illinois,  aud  Indiana  and  Ohio, 
I,    and  in  Mississippi. 

28.802 

.liino 

29.220 

29.219 

29.196 

4 

29.370 

8 

28.864 

Severe  stonus  in  Cen.  Missouri  on  June 
ai  and  22.  Dam.  by  tail  22.  Bar.  29.100. 

•Inly 

29.313 

29.322 

29.285 

18 

29.620 

12 

29.012 

August 

29.373 

29.368 

29.311 

6 

29.550 

21 

29.129 

September 
Annual  Means 

29.340 

29.340 

29.297 

9 

29.606 

23 

29.022 

28.848 

The  low  pressure    on  2.3  corresponds  to 
Tornado  in  Minnesota. 

29.308 

29.289 

29.271 

29.574 

1883,  Octol)er 

•29.336 

29.307 

29.334 

15-31 

29.702 

28 

28.770 

November 

■-".i.:!21 

29.309 

211. 2S() 

12 

211. 87H 

25 

28.746 

December 

•_".!. :'.07 

29.276 

29.318 

14 

29.668 

26 

28.602 

1884,  January 

29.378 

29.372 

29.355 

5 

29.840 

9 

28.776 

February 

29.224 

29.227 

29.241 

9 

29.600 

18 

28.654 

March 

29.179 

29.194 

29.159 

30 

29.534 

27 

28.636 

Baronu'trr  very  low  during  March. 

April 

29.197    29.161 

29.137 

3 

29.430 

14 

2.S.7()0 

May 

29.224  '  29.222 

29.183 

29 

29.516 

1 

28.898 

June 

29.282 

29.285 

29.245 

25 

29.464 

8 

29.050 

July 

29.242 

29.248 

29.206 

20 

29.446 

4 

29.024 

August 

29.345 

29.350 

29.307 

9 

29.600 

28 

29.062 

September 
Annual  Means 

29.291 

29.290 

29.285 

12 

29.530 

28 

29.000 

29.277 

29.270 

29.255 

29.601 

28.827 

1884,  October 

29.385 

29.385 

29.351 

24 

29.672 

26 

29.120 

November 

29.296 

29.318 

29.304 

6 

29.698 

22 

28.730 

The  low  pressure  of  22  corresponded  to 
Tornado  in  St.  John's  Parish,  La. 

December 

29.322 

29.275 

29.268 

31 

29.742 

6 

28.692 

1885,  January 

29.364 

29.313 

29.299 

18 

29.760 

11 

2S.574 

February 

29.201 

29.195 

29.2(l.s 

22 

29.574 

8 

2''>.'"^()ii 

March 

29.334 

29.322 

29.283 

23 

29.606 

20 

29.039 

April 

29.212 

29.213 

29.197 

13 

29.580 

29 

28.850 

:\Iay 

29.209 

29.206 

29.173 

1 

29.424 

5 

28.860 

June 

29.302 

29.322 

29.259 

30 

29.550 

7 

28.964 

July 

29.291 

29.300 

21».2.").s 

17 

29.496 

14 

29.114 

August 

29.300 

29.302 

29.24.S 

26 

29.590 

6 

29.054 

September 
Annual  Means 

29. .304 

29.298 

29.297 

18 

29.520 

8 

28.850 

29.293  1  29.287 

29.262 

29.601 

28.892 
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MEAN   .\ND   EXTREME   TEMPERATURES. 

•TA(  IIKII     TlIKKMOMKTEIt  Ta.      EXT.     TlIEIlMOMETKlt  Tv.) 


Date?. 

.Mul 

XING. 

.\c 

,o.v. 

Evt 

XlN.i. 

.M.V-\IMA. 

.Mini 

MA. 

Notes. 

^a 

Tg 

''a 

Tg 

Ta 

^e 

Date. 

''e 

Date. 

Tg 

1877,  Oct. 

60.3 

1 

78.0 

31 

43.0 

For  the  year  1877-78.  only 

Nov. 

42.7 

10 

55.5 

29 

20.0 

trcmes  fur  noon  arc 
given  for  7^.    In  the 
following  Beven  veare 
the  extremes  are  the 

Dee. 

45.0 

20 

61.0 

1 

27.5 

1878,  Jiin. 

34.8 

17 

49.0 

4 

15.0 

higlient  and  lowest  of 
alt  tlic  Readings. 

Feb. 

40.6 

5 

54.5 

10 

26.0 

Mar. 

55.2 

23 

69.5 

3 

38.0 

April 

62.9 

21 

80.0 

3 

49.0 

May 

64.5 

29 

78.0 

13 

48.5 

June 

74.6 

20-30 

84.0 

8 

64.0 

("The  mean  Tern,  at  noon 
<    for  Middle  Decade  of 
(    July,  11-aOincI..  92.7. 

.Tiilv 

85.0 
82.4 

13-14 
18 

95.0 

92.5 

1 
30 

71.0 
60.0 

Nept. 
An.  Means 

73.5 

5 

86.1 

20-26 

58.0 

60.1 

73.6 

43.3 

1878,  Oct. 

58.3 

50.5 

61.2 

56. 4 

60.5 

.59.3 

1 

80.0 

26 

25.0 

Nov. 

47.9 

41.1 

51.0 

49.7 

48.2 

47.9 

5 

69.0 

26 

25.0 

Dec. 

29.6 

18.6 

33.7 

24.6 

31.9 

25.6 

3 

51.0 

23 

6.0" 

Tlie  letter  n  attached  to 
a  Temperature,  means 

1879,  Jan. 

28.2 

19.8 

32.7 

25.9 

29.8 

25.3 

27 

64.0 

3 

16.7" 

below  zero. 

Feb. 

34.1 

27.9 

38.3 

37.8 

36.4 

35.1 

24 

58.5 

25 

4.0 

Mar. 

45.8 

43.0 

48.7 

48  3 

49.2 

52.7 

7 

79.5 

13 

13.0 

April 

52.5 

48.9 

55.5 

59.2 

54.9 

58.0 

23 

77.0 

2 

24.0 

May 

66.6 

62.8 

74.3 

74.5 

62.6 

62.6 

25 

87.0 

5 

46.5 

June 

75.1 

73.6 

76.2 

82.3 

74.8 

77.3 

9 

88.0 

1-16 

58.0 

July 

78.3 

76.0 

82.1 

82.3 

79.5 

81.2 

9-11 

90.1 

29 

64.0 

Aug. 

75.3 

67.2 

80.8 

81.0 

72.7 

80.2 

2-21 

88.0 

15 

58.0 

Sept. 
An.  Means 

65.5 

56.8 

68.6 

69.9 

68.6 

70.6 

27 

83.0 

9 

45.0 

48.85 

57.67 

54.65 

75.42 

28.32 

1879,  Oct. 

64.0 

56.5 

68.2 

65.7 

68.2 

67.0 

8 

82.0 

23 

31.0 

Nov. 

47.4 

39.9 

51.2 

48.1 

50.5 

48.9 

7-8 

71.0 

19 

15.0 

Dec. 

32.4 

23.0 

35.3 

30.0 

34.5 

31.4 

4 

61.0 

25 

7.0" 

1880,  Jan. 

42.6 

37.0 

45.3 

44.0 

41.0 

45.2 

3-18 

60.0 

30-31 

21-0 

Feb. 

38.9 

31.4 

42.6 

41.1 

41.0 

41.4 

27 

70.0 

28 

13.0 

Mar. 

42.2 

35.1 

45.4 

47.0 

45.4 

47.3 

26 

72.0 

13 

14.0 

April 

54.8 

48.5 

60.6 

61.5 

60.8 

62.8 

23 

81.0 

6 

28.0 

May 

70.7 

61.9 

72.7 

74.5 

72.8 

74.1 

23 

86.0 

1-2 

,54.0 

June 

71.8 

68.6 

73.8 

78.1 

74.7 

76.3 

23 

85.5 

5 

61.0 

July 

75.9 

62.9 

78.7 

82.9 

79.2 

81.8 

13 

93.0 

21 

59.0 

Aug. 

75.5 

70.0 

81.5 

85.1 

82.6 

85.0 

18-19 

98.0 

14 

63.0 

Sept. 
An.  Means 

67.7 

59.5 

68.8 

71.5 

70.6 

70.5 
60.1 

2 

85.0 

28 

45.0 

49.52 

60.8 

78.7 

32.2 

1880,  Oct. 

55.8 

45.1 

59.1 

56.0 

58.9 

59.0 

10 

78.0 

17 

27.0 

Nov. 

37.0 

26.2 

40.0 

35.5 

39.9 

34.7 

12 

60.0 

17-20-21 

8.0 

Dec. 

29.8 

20.6 

33.8 

27.1 

30.0 

28.4 

23 

54.0 

28 

15.5" 

1881,  Jan. 

25.3 

15.9 

29.4 

22.6 

26.7 

23.8 

29 

42.5 

13 

10.0" 

Feb. 

30.3 

22.1 

35.6 

34.3 

.33.7 

31.4 

26 

57.5 

15 

2.0" 

Mar. 

36.4 

29.7 

41.3 

40.0 

40.0 

40.0 

24 

66.5 

4 

16.0 

April 

47.9 

43.7 

51.5 

.53.3 

51.7 

.54.7 

17 

78.0 

14 

13.0 

May 

67.2 

65.2 

72.6 

73.9 

71.8 

74.3 

13-26 

81.0 

2 

47.0 

June 

71.1 

70.6 

79.6 

81.2 

79.6 

81.3 

29 

93.0 

22 

62.0 

July 

80.3 

75.6 

83.4 

85.5 

84.3 

88.2 

11 

96.5 

26 

62.0 

Aug. 

78.6 

73.8 

85.6 

89.6 

86.2 

87.8 

17 

104.5 

21 

65.0 

Sept. 
An.  Means 

72.7 

66.7 
46.3 

77.6 

78.4 
56.5 

77.4 

77.4 

5 

97.0 

75.7 

16 

46.0 

56.7 

26.5 

56 


PUBLICATIONS    OF    MOHHISOX    OHSKKVATOKY. 


MOI 

Nis<;. 

Noon. 

EVESI.NG. 

Maxima. 

Minima. 

D,->lcs. 

»-» 

Tg 

r., 

Tg 

r^ 

T^, 

Date. 

Te 

Date. 

Tg 

1881,  Oct. 

59.9 

55.4 

63.2 

62.5 

62.6 

61.8 

3-7 

78.0 

18 

42.0 

Nov. 

43.2 

35.6 

47.0 

44.0 

45.8 

43.2 

6 

61.0 

23 

10.0 

Dec. 

41.6 

34.7 

44.8 

41.8 

44.13 

42.4 

6 

64.0 

31 

10.0 

1882,  Jau. 

34.2 

27.2 

34.7 

32.9 

37.2 

34.3 

7 

59.0 

22 

4.0 

Feb. 

40.9 

37.0 

41.4 

44.5 

45.3 

47.0 

12 

69.0 

20 

15.0 

IVIar. 

45.9 

35.9 

49.9 

45.2 

49.0 

.50.0 

17 

70.0 

5 

22.0 

April 

55.3 

51.4 

60.1 

59.6 

58.9 

57.6 

2 

78.0 

10 

30.0 

May 

58.3 

54.8 

04.3 

60.1 

61.5 

61.7 

4 

76.0 

11 

41.5 

.Tune 

71.2 

69.3 

75.8 

75.6 

75.3 

77.7 

24 

93.0 

2-19 

56.0 

Julv 

72.7 

70.0 

77.9 

76.3 

77.3 

76.7 

27 

86.0 

3-6-18 

61.0 

Aug. 

77.7 

69.6 

79.9 

79.2 

78.9 

78.4 

25 

87.0 

9 

61.0 

Sept. 
An.  Meaus 

67.4 

61.2 
50.2 

73.9 

73.0 

73.0 

67.4 

18 

95.0 

20 

46.0 

57.9 

58.2 

76.3 

33.2 

1882,  Oct. 

57.4 

61.6 

66.0 

63.6 

64.2 

64.5 

4 

78.0 

18 

38.0 

Nov. 

46.1 

40.1 

50.2 

46.2 

48.4 

45.1 

10 

71.0 

13 

21.0 

Dec. 

35.2 

25.9 

37.5 

33.6 

35.7 

32.5 

19 

54.0 

6 

10.0° 

1883,  Jan. 

24.4 

12.6 

29.1 

20.0 

26.4 

20.8 

12-29 

41.0 

20 

14.0" 

Feb. 

31.1 

22.9 

33.1 

30.4 

31.4 

29.8 

28 

57.0 

4 

9.0" 

Mar. 

38.2 

31.8 

39.7 

40.5 

42.2 

41.3 

1 

62.0 

7 

17.0 

April 

58.3 

49.8 

59.3 

62.1 

59.3 

61.9 

13 

80.0 

24 

35.0 

May 

60.5 

56.0 

65.0 

65.4 

65.1 

66.6 

2 

83.0 

21 

37.0 

June 

70.2 

68.8 

73.2 

74.2 

73.2 

76.5 

29 

85.0 

14 

58.0 

,)iilv 

74.7 

74.6 

80.9 

80.9 

80.6 

80.9 

12 

93.0 

30 

69.0 

Aug. 

70.9 

64.7 

76.9 

78.4 

76.7 

77.9 

17-18 

87.0 

24 

55.0 

Sept. 
An.  Means 

59.2 

54.5 

67.4 

73.7 

70.1 

70  6 
55.70 

1 

90.0 

9 

41.0 

46.11 

55.75 

73.42 

27.33 

1883,  Oct. 

54.0 

48.3 

59.0 

58.4 

58.0 

57.5 

8 

84.0 

31 

31.0 

Nov. 

46.4 

38.9 

50.6 

50.0 

48.9 

41.0 

25 

70.0 

16 

13.5 

Dec. 

37.9 

28.6 

39.1 

35.2 

40.0 

37.1 

5 

59.0 

27 

6.0 

1884,  Jan. 

25.6 

14.3 

29.3 

23.1 

26.7 

21.0 

29 

55.0 

5 

28.0" 

Feb. 

32.7 

24.3 

34.4 

32.0 

34.6 

31.5 

3 

54.5 

28 

1.0 

Mar. 

41.5 

35.7 

44.4 

44.1 

42.5 

44.6 

27 

65.0 

4-5 

8.0 

AprR 

50.5 

46.1 

.54.7 

53.4 

52.8 

54.2 

30 

74.0 

21 

43.5 

yUiy 

63.3 

57.3 

66.6 

68.3 

67.3 

65.4 

10 

77  0 

2 

44.0 

.lime 

70.5 

68.7 

78.2 

77.8 

79.0 

74.9 

30 

85.5 

10 

50.5 

Julv 

75.6 

72.2 

81.7 

80.9 

80.7 

80.3 

8 

96.0 

14 

66.0 

Aug. 

71.5 

67.1 

77.4 

77.0 

76.7 

70.0 

2 

86.0 

10 

57.0 

Sept. 
An.  Means 

70.8 

65.0 

76.4 

77.3 

75.5 

75.2 

8 

85.0 

25 

49.0 

47.21 

56.46 

54.40 

74.25 

28.37 

1884,  Oct.. 

53.8 

52.6 

67.7 

64.9 

65.0 

63.9 

4 

83.5 

24 

33.0 

Nov. 

45.8 

35.3 

.50.6 

47.1 

48.9 

44.4 

9 

66.0 

24 

17.0 

Dec. 

30.7 

20.5 

34.6 

27.6 

32.3 

25.3 

4 

49.0 

31 

6.0" 

1885,  Jau. 

23.5 

13.0 

27.3 

16.6 

24.5 

19.0 

10 

40.0 

22 

13.5" 

Feb. 

24.9 

14.7 

29.8 

24.4 

.30.7 

19.6 

7 

47.0 

10 

17.0" 

Mar. 

38.4 

32.3 

42.3 

43.0 

40.3 

38.8 

31 

60.5 

17 

15.0 

April 

51.7 

47. G 

55.7 

57.5 

53.9 

53.7 

21 

73.0 

3 

34.0 

May 

62.1 

57.0 

67.2 

67.4 

63.9 

64.2 

23 

80.0 

7-8 

35.0 

June 

70.7 

67.1 

76.0 

75.2 

73.9 

73.1 

2-7 

84.0 

9 

53.0 

Julv 

75.8 

74.8 

83.4 

83.8 

82.0 

80.0 

30 

95.0 

2 

64.0 

Aug. 

73.8 

68.2 

80.8 

79.0 

78.6 

74.8 

8 

92.0 

18-29-30 

61.0 

Sept. 
An.  Means 

67.3 

61.2 

72.5 

70.9 

70.7 

69.3 

21 

79.0 
70.8 

3 

41.0 

45.4 

54.8 

52.2 

26.4 
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MONTHLY    PEU   CENT.    OF    CLOI-DINESS.    KAINI  AI.L,    AM)    SPECIAL    PIIKNO.MEXA. 


1      Pit  cent,  of 
[     CluuiUiu-ss. 


1877,  October 
November 
December 

1878,  Jauuary 
February 
Jlnrcli 
April 
May 
.Iniie 
July 
August 
September 

Annuals 

1878,  October 
November 
December 

1879,  January 
February 
March 
April 
May 
June 
July 
August 
September 

Annuals 

1879,  October 
November 
December 

1X80.  January 
February 
March 
Ajiril 
May 
June 
July 
August 
September 
Annuals 

1880,  October 
November 
December 

1881,  January 
Februarj- 
March 
April 
May 
June 
July 
August 
September 

Annuals 


47 
;■)! 
GO 
2(5 
27 
22 
18 
23 
20 
20 
17 
30 


30 

29 
41 
.J6 
40 
41 
40 
40 
35 
35 
27 
2h 
31 


37.0 

20 
36 
."il 
44 
29 
43 
38 
32 
32 
25 
26 
2G 


33.5 

20 
51 
GO 
56 
60 
47 
49 
50 
35 
20 
21 
34 
42.4 


4.873 
2.514 
S.2I0 
1.122 
3.1M3 
4.384 
2.713 
3.992 
2.794 
0.832 
1.389 
1.953 


32.909 

1.750 
0.462 
4.197 
0.751 
0.121 
0.434 
1.520 
1.574 
7.591 
3.359 
0.468 
3.285 


25.521 

1.451 
l.«27 
1 .820 
0.G69 
1.671 
1.240 
0.992 
5.764 
1.057 
3.780 
6.080 
2.671 


29.022 

1.505 
1.587 
0.G85 
0.000 
4.510 
3.236 
2.293 
4.231 
5.463 
1.743 
1.150 
3.665 
30.068 


Kir«t  iVoBl  October  -1.    A  month  of  clouds  and  eltowcni,  varied  b^  a  few  fine  dny«. 

Indian  Summer.  1-1-I1>.    Violent  chnnjri'2ft.    Much  dreary  weather. 
Van  of  the  nir.nth  very  unseawmohU-.  Ifl-2fl.    Iii-Metnl)Ied  Mav.  trrass  prowins  and  buds 
swi'Ming.  GU>riou8  rainlKiw  hi  X.W  nt  7^h.  on  lit.  Fronr24  to  31  the  sun  was  rarely 
visible.    Cloudo,  fogs,  mist,  roin  and  mud,  in  general  chaoti. 
Many  ofthcfinertdnys  known  tolhis  climate.  Bitter  cold  4.  Sun  dogs.  Few  light  snows. 
On  20,  severe  thunderstorm.  4h.-l(lh,  followed  bv  eontinuousrain  and  low  Bar.  forSOh.  A 

numln-rof  beautifnlda%-s  in  this  month.    Brilliant  meteor  on  Ifi.  at  TJh.    S.W. 
Fine  oiien  weathers  ;rrcat  pari  of  numth.    Morning  dews,  like  Mov,  frum  12-18.    Cold, 

cutting  N.K.  wind  on  '2X    Viuient  wind  at  14h  on  2(1.  from  S.W. 
Month  of  April  generally  fine,  open  weather.    Storms  «n  9.  21,  22.  Fogs  and  dews.  26-30. 
Wcotlier  generallvgond.    Very  severe  hail-stonn  at  15li  on  17.  Wind  at  first  S-E.,  then 

W.,  and  finally  N.E.    Wind  very  severe. 
Month  of  fine  weather.    Tornado  at  Kiehmond,  Mo..  June  1. 
Month  very  dry  and  hot.    Very  little  rain.    Cr<ips  nnieh  injured.    Tutul  solar  eelipse 

July  2!». 
Month  dry  and  hot.    A  few  showers. 
Greater  part  of  month  dry  and  hot.    Strong  and  eontinuou.s  wintU  on  V.i,  2.',  ai.    Frost 


Son) 


.■littler 


•  ■-Mve  fruits 
ifroin  11-H. 

,  with  a  pe- 
Lattcr  part 
t  of  the  re- 


if  dreary,  chilly  weather.    A  smoky  mi 
14.    Heavy  sleet  on  2 

weather  a  considerable  p£ 
mamdur.  ' 

Great  part  of  month  «-arm  and  dr?- ;  very  dry  in  latter  part. 
First  part  of  month  dry ;  after  U  some  heavy  rains.    Stonne,  25-26. 
First  and  last  part  of  month  dry.    Middle  had  refreshing  showers. 
A  month  of  hot,  dry  weather. 
Month  generally  cool,  with  some  beautiful  weather.    Storm  on  10. 

XearlvlO  in.  of  r 
but  V 


Heavy  frosts  between  17-24.     Generally  fine  weather. 

Part  of  month  very  drj-.    Ve[;j-  fine  weather  middle  and  latter  part.    Ground  frozen  19. 

Much  deary,  dismal  weather.    Sleet  30-31.    Stinging  cold  25. 

Magnificent  rainbow  at  sunrise  on  3.    Fogs  1,  4,  5,  6,  7-    Smoky  S4-2j. 

Strong  winds  8-27.  Storms,  witli  lightning  and  tliunder,  11-17.  Severe  change  to  cold  28. 

Strong  winds  2G-S7.  Ileavy  frosts  4.  5, 18, 19,  20.  Snow  .1  in.  11.  Thunder  storms  24, 28,  30. 

Very  dry  month.  Frosts  6,  7, 8, 10,  2G,  30.  Hail  storm  Boonvillc  and  Ke>-tesville  22.  Tor- 
nadoes Li-22. 

Greater  part  of  month  dry.    Frjm  25-31  cool,  witli  abundant  rain. 

Very  dry  greater  part  of  mouth.    Fine  weather  for  harvest. 

Very  ■"■v  and  hot  latter  part  of  month.  A  remarkably  rare  thunder  cloud  from  the  cast 
at  U;h.  on  31.    Fogs  4.  5, 14.  21. 

Very  dry  and  hot  till  20.    Heat  extraordinal^'.    On  31,  heavy  rain,  2H  inches. 

Very  beantiful  month.    Light  snow  5- 29.    Hea\'y  rain  2C.    Fog  4. 


Heavy  frosts  2. 11. 21,  22,  33,  28,  30,  31.  Heavy  winde  13,  15,  16.  Fine  rainbow  13,  at  sunset. 
Extremely  cold  weather.    Missouri  river  blocked  2i. '  Very  high  pressure  21. 

Extrcmelv  cold  weather  2^29.    Great  fall  of  temperature  2G.    Solar  halos  followed  the 

Bun  al!  day  27-29. 
Month  exceedingly  cold,  dreary,  and  dry- 
Very  inclement  month.    Snow  11-12  from  10  to  12  in.,  affording  1.53  in.  of  water. 
Great  etorm  18-19.    Remarkable  drifts  of  snow.    Very  severe  m-jutli. 

First  half  of  month  very  cheerless  and  unfavorable;  latter  half  very  favorable.    High 
water  on  3». 

;  ehowers.    Month  very  favorable  to  vegetable  growth. 

I  heavy  showers  and  winds.    Difficult  harvest. 
Unusually  warm.    Latter  part  very  dry. 

Excessively  hot  and  dry.    Temperature  above  90"  on  15  days. 
The  greater  part  of  month  excessively  dr>-,  with  strong  E.  and  S.E.  winds.    Heavy  and 
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1881,  October 
Xovcinher 
DocoidIkt 

1882,  JaniKiry 
Febniarv 
March 
April 
May 
June 

J  Illy 

August 

September 

Aunuals 

1882,  October 
November 
Deociiiber 

1883,  January 
February 
March 
April 
Mjy 
June 
July 
August 
September 

Annuals 

1883,  October 
November 
December 

1884,  January 
February 
March 
April 
May 
June 
July 
August 
September 

Annuals 

1884,  October 
November 
December 

1885,  January 
February 
Mardi 
April 
May 
June 
July 
August 
September 

Annuals 


.")5 

4.882 

44 

1.289 

•'•' 

1.685 

r)4 

0.780 

42 

3.050 

46 

2.683 

44 

2.455 

54 

3.938 

36 

4.768 

30 

4.598 

30 

1.710 

26 

4.058 

42.5 

35.905 

33 

4.188 

51 

3.960 

63 

1.135 

58 

1.410 

48 

3.470 

46 

1.440 

43 

1.067 

41 

5.767 

44 

8.085 

37 

3.3.54 

38 

0.375 

26 

0.490 

44.2 

34.841 

54 

7.580 

37. 

1.275 

45 

0.935 

46 

1.170 

58 

2.008 

55 

2.305 

59 

3.404 

43 

3.305 

43 

3.025 

37 

12.161 

34 

2.755 

-28 

8.385 

45.0 

48.305 

28 

4.530 

29 

1.975 

66 

2.950 

49 

1.840 

43 

0.650 

41 

0.000 

56 

6.475 

43 

2.230 

43 

6.580 

45 

3.160 

33 

3.560 

40 

6.120 

43 

40.070 

Month  niiUI  nn<l  sonnonnblc.    Little  frost. 

Grenlor  part  of  month  plcnsnnt.    Slcct  and  snow  18-19. 

Gnntorpartof  niontli  pleasant.    Fine  rainbow  27  in  N.E.  at  l-t^h. 

An  un|»Icasnnt  month,  frcoRinR  and  thawing  nllornatdy. 

Much  frcczinfr  and  tlinwiiijt.    Great  «Icet  li).  20,  il.    Very  muddy. 

ThcinoDlh  uimsunlly  mild,     Stmnji  wind  1^1. 

Chan 


']■. 


Monlli  mild.    Vi-ry  ' 
Knrly  part  (if  month 


t  first  tlccftdc,  and  v 


.■use  sun-spots  and  masncticdisturbanrp. 
iUausQ  to  cold  U.  Tor.  ut  Brownsville  18. 


ry  dry  and  duaty  laat  two. 

;  luird.     Latter  [lurt  scnuonablc. 


The  comet  Crule  very  brilliant  all  the  month.    Great  frosts  16,  18,  21,  22. 
Gmndauroras  12-18.   Great  inas.  disturb.     Kiiptme  of  sini-<poti».   Gn-nt  fall  of  n 


The  month  of  Jai 


situdes  of  weather. 
8  to  cold.  Numer- 


G  reater  part  of  Apr.  dry  and  cool.    Frosts  23,  24,  20. 

Very  cool  and  showery ;  first  10  days  very  dry.    Ilcavy  frosts  on  5,  11,  22,  23.  that  of  22 

doing  nmch  harm.    Remarkable  tor.  13,  17, 18,  28.    Tornado  conditions  indicated. 
On  20  and  22  very  severe  local  storms. 
Gen.  favorable.    Severe  storm  on  13. 

A  very  dry  month.    Heavy  fogs  on  9  mornings.     Nurnerous  clear,  but  enioky  days. 
Very  dry  month.    Numerous  smoky  days. 


Month  very  wet.    Weather  mild.    Some  beautiflil  days. 
Severe  storm  Nov.  5.    Hurricane  at  Springfield,  Mo. 

This  month  and  part  of  October  rcmorkablc  for  the  glowing  skies  of  evening  and  morn- 
ing. 

Very  severe  winter  month,  and  long  to  be  remembered.  On  28,  ther.  2$".  Many  animals 
froze,  particularly  on  trains. 

All  extremes  in  February.    Very  changeable  and  disagreeable. 

First  10  days  very  diRagreeahle.    Cold  and  bleak  winds  and  weather.    Latter  part  of  the 

—  inth  fine  frrr—'— " —     " —  ' *•-.  - 

pressui 

Mouth  cool.    Latter  part  dry.    Heavy  dewe. 
Seasonable,  but  cool,  except  latter  part. 

Excessive  rains.  Ilurvestexceedingly  difficult.  Miicli  "rain  and  hay  ruined-  Intersectin; 

rainbows  on  24  at  ISh;  a  very  siriking  and  inexplicable  phenomenon.    See  Note. 
The  first  half  of  August  dry,  latter  half  showery.    Severe  thunder  storm  18. 
Seasonable  month.    Rainv  delayed  the  wheat  sowing. 


Very  seasonable.    Many  fine  days. 

First  half  of  November  quite  good;  latter  half  very  changeahle. 
Uncof  the  worst  months  for  all  sorts  of  bad  weather  ever  known  in  Missou 
January  worse  than  December,  if  possible. 

No  rain.    Several  snows.    A  month  of  very  severe  and  continued  cold. 
No  roin.    Greater  part  of  month  pleasant.     Dry  winds  near  the  middle. 
Cool,  backward,  an<l  full  of  showers  and  clouds. 
Former  part  of  month  dry  and  cool ;  latter  part  showery  and  cool. 
Month  showery.    Numerous  storms.    Destructive  storm  at  Glasgow  20. 
Latter  part  of  month  excessively  hot  and  exliausting.    Moisture  abundant 
Former  part  of  month  showery;  latter  part  dry.    Hot  sun  and  cool  nights. 
14-27,  very  fine  weather.    27-30,  clouds  and 


arkable. 


Thee 


t  favorable  to  growth.    Gn 


withered  a  day.  Perfectly  green 
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rOMPAKATIVE  VIEW  OF  ANMAL  RESULTS  FROM  OCT.   1,  1877,  TO  OCT.  1,  188.5. 


Years. 

A           1           B 

JJ 

a 

* 

r„ 

r„ 

^e 

Tp 

Tp 

Clouds. 

R 

Mean  An. 
Prc-ssurc. 
Morning. 

Mean  An. 

pressure. 

Noon. 

Mean  An. 
Evening. 

An.  Maxl- 
I'ressurcs. 

An.  Mini- 
ma 
Pressures. 

Mean 

An  Tern. 

Morn. 

Mean 

An.Teiu. 

Xoon. 

Mean 

An.Tenl. 

Evu'K. 

An.  Max. 

Teni- 
penttiire 

An.  Mln. 

Tem- 
perature 

An.  M'ns 

of 

Cloud. 

An.  Kaln- 
fall^i  in 
Inches, 

1877-78 

29.225 

29.516 

28.839 

60.10 

73.60 

43.30 

30 

32.909 

1878-79 

29.319  1  29.292 

29.255 

29.621 

28.815 

48.85 

57.07 

54.65   75.42 

28.32 

37 

25.521 

1879-80 

29.290 

29.286 

29.230    29.662 

28.740 

49.52 1  60.80 

60.10   78.70 

32.20 

33.5 

29.022 

1880-81 

29.279 

29.280 

29.241     29.592 

28.808 

46.30'  56.50|  50.70   75.70i  26.50 

42.4 

30.068 

1881-82 

29.284 

29.287 

29.256 

29.621 

28.862 

50.20   57.91 

.58.20   76.30|  33.20 

42.5 

35.905 

1882-83 

29.308    29.289 

29.271 

29.574 

28.848 

46.11    .55.75 

55.70   73.42   27.32 

44.2 

34.841 

1883-84 

29.277  1  29.270 

29.255 

29.601 

28.827 

47.21156.46 

54.40   74.251  28.37 

45.0 

48.305 

1884-85 

29.293  i  292.87 

29.262 

29.601 

28.892 

45.40 

.54.80|  52.20J  70.80   26.40 

43.0 
41.1 

40.070 

29.293  !  29.277 

29.253  1  29.599 

28.804 

47.66 

1  57.50 

56.00 

74.94 

28.90 

276.641 

It  thus  appears  tliat  between  the  noon  of  Octoljer  1,  1877,  and  Oetoljer  1, 
1885,  the  rainfall  at  the  Observatory  was  270.641  inches  =  23.053  feet;  and  giving 
an  annual  mean  for  the  eight  years  of  31.58  inches.  It  also  appears  that  the  year 
1879  was  at  the  extreme  of  dryness;  while  the  year  1881  was  at  the  extreme  of 
moisture.  The  diurnal  oscillation  of  the  barometer  is  fully  shown  by  these  obser- 
vations. 


NOTE  ON   THE    INTERSECTING   RAINBOWS   OF   JULY   24,    1884. 

As  this  phenomena  was  unique,  and  so  far  as  I  know,  Avithout  previous  record 
in  any  work  on  physics  or  meteorology,  I  think  it  not  irrelevant  to  speak  of  it  more 
particularl}-.  The  day  had  been  warm  and  threatening.  At  noon  the  barometer 
reading  was  29.224,  external  thermometer  87.  Late  in  the  evening  a  very  angry 
and  extensive  thunder  cloud  rose  in  the  K.W.  and  passed  to  the  S.E.  It  Avas 
attended  by  moderate  rain,  and  a  wind  less  severe  than  wa;?  anticipated.  After  the 
rain  had  ceased  the  sun  shone  out  brightly,  and  entire  stillness  pervaded  the  air, 
while  the  dense  mass  of  cloud,  reaching  almost  to  the  zenith,  and  extending  from 
beyond  the  X.E.  almost  to  S.W.,  seemed  intensely  dark,  smooth  and  Avatery.  Yery 
soon  the  usual  phenomenon  of  the  rainboAV,  both  primaiy  and  secondary,  made  its 
ajjpearance,  in  unusual  brightness,  the  arch  of  the  boAv  having  nearly  the  maximum 
altitude,  as  the  sun  Avas  near  the  Avestern  horizon.  After  some  minutes,  my  son, 
Prof.  H.  S.  Pritchett  of  Washington  University,  called  my  attention  to  a  third 
boAV,  intersecting  the  primary  boAv  in  the  S.E.,  at  an  angle  of  about  30°,  and  at  a 
point  about  40°  above  the  horizon.  The  arc  of  this  third  boAV  extended  some  20° 
or  more  on  each  side  of  the  point  of  intersection.  It  Avas  not  so  bright  as  the 
primary  boAv,  but  much  brighter  than  the  secondary.    We  both  watched  it  for  some 
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minutes,  ami  with  no  littlo  snrj)i'ise.  !My  son  thon  wont  into  the  house,  but  I 
reniaineil  outside  and  continued  to  look  at  it.  Tlie  areh  above  was  not  filled  out, 
but  turning-  my  eyes  to  tlie  N.P].,  I  saw  the  same  plienomenon  ol"  intei'seeting  arc 
on  tliat  side,  and  under  like  anj^le  and  altitude.  I  then  called  out  my  son,  and  we 
both  watched  it  (juite  a  while,  for  it  nuist  have  lasted  fifteen  or  twenty  minutes. 

8uch  is  the  fact  with  its  antecedents  and  conditions.  I  became  so  interested 
in  this  ivmai'kable  phenomenon,  as  to  Avrite  to  several  physicists  and  meteorologists, 
descril)ing-  it  and  asking-  an  explanation.  From  some  no  reply  ever  came,  while 
from  others  came  replies  courteous  and  even  satisfactory.  It  was  suggested  that 
the  phenomenon  was  piu'cly  local,  and  depended  on  a  certain  concurrence  of  local 
and  general  conditions.  That  the  explanation  suggested  may  be  understood,  I 
insert  a  sketch  showing  the  relative  position  of  the  Observatory  and  Missouri  river, 
with  its  direction  and  curve  at  Glaso-ow. 


ARRISON'S  ISLAND 


■    OBSERVATORY 


The  explanation  suggests  that  the  third  bow  was  due  solely  to  reflection  from 
the  iM'oad  and  quiet  surface  of  the  river  above  the  curve.  Allowing  this  to  be  true, 
the  center  of  the  third  bow  would  be  elevated  above  the  center  of  the  primary 
twice  the  angular  altitude  of  the  sun,  and  hence  would  necessarily  intersect  the 
primary.  To  jiroduce  the  phenomenon,  on  this  supposition,  a  concurrence  of  these 
five  things  Avas  necessaiy.  1.  A  suitable  rain-cloud  in  the  S.E.  for  the  background. 
2.  The  air  so  still  as  not  to  agitate  the  water.  3.  A  proper  azimuth  for  the  smi. 
4.  A  ])roper  altitude  for  the  sun.  .'j.  The  observer  so  situated  that  the  reflecting 
surface  and  sun  shall  to  him  have  the  same  azimuth.  The  probability  that  all 
these  conditions  shall  concur,  at  any  one  time,  is  indeed  very  small ;  still  if  this  be 
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the  explanation,  it  seems  sti-ange  that  in  regions  of  connti-y  alionnding  in  small 
lakes  tlie  plieiiomenon  lias  not  been  ]>revi(>nsly  noted. 


TIME    SEItVICIO    OF    MOKltlSOX    OI'.SEKVATOIiV. 
SIliXAI.S    TO    KANSAS    CITY. 

On  June  3,  1880,  in  aeeoi-dauct'  with  arrangements  made  with  Major  Garner, 
Sni)ei"intendent  of  the  Union  Depot,  Kansas  City,  we  commenced  to  send  anto- 
matic  clock  signals  from  the  Observatory,  to  mark  the  instant  of  -4  p.m.,  Kansas 
City  mean  time.  These  signals  were  received  and  noted  in  the  main  Telegraph 
Office,  and  also  in  the  Union  Depot.  They  were  sent  over  the  line  of  the  Chicago 
and  Alton  R.R.,  bnt  were  not  officially  adopted  by  that  road  till  some  months 
after.  At  the  beginning  of  the  following  year,  a  temj^orary  interest  in  the  matter 
of  correct  time  was  aroused  among  the  citizens,  and  a  time  ball  .was  mounted  on 
the  tall  Iniilding  of  Bullene,  !Moores  &  Emery.  The  entire  enterprise  was  imder 
the  direction  of  Mr.  Henry  S.  Pritchett,  then  Astronomer  in  the  Observator}'.  The 
ball  was  successfully  dropped  over  the  distance  of  110  miles  by  the  standard  clock 
of  the  Observatory.  So  far  as  we  are  informed,  this  was  the  first  time-ball  service 
west  of  the  Mississippi.  This  service  was  entirely  efficient  and  satisfactory,  so 
long  as  the  necessary  attention  was  bestowed  on  raising  the  ball  at  the  appointed 
time,  and  adjusting  the  electric  apparatus  to  be  acted  on  by  the  clock.  But  as  no 
fund  was  provided  by  the  citizens  to  maintain  this  part  of  the  service,  after  some 
months,  failures  began  to  occur,  and  the  time  ball  was  discontinued.  The  signals, 
however,  continued  to  be  sent,  as  before,  till  Xovember  4,  1882,  except  that  after 
March  26, 1881,  they  were  sent  at  mean  noon.  After  I>^ovember  -4,  the  noon  signal 
was  discontinued,  and  only  the  morning  signal  at  O*  30™  has  gone  to  Kansas  City. 
On  oin-  part  this  service  was  entireh*  gratuitous. 

ST.     LOCIS     TIME     SERVICE. 

On  March  2(3,  1881,  we  connnenced  to  drop  a  time  ball  from  a  high  staff 
placed  on  the  Jaccard  Building,  corner  of  Fifth  and  Olive  Streets,  St.  Louis.  This 
ball,  like  several  others  in  the  West,  was  erected  under  the  siiperintendence  of 
Mr.  II.  S.  Pi-itchett,  then  identified  with  the  Observatory.  The  signals  wei'e  made 
antoma'tically  by  the  Observatory  clock,  at  St.  Louis  mean  noon.  The  lin®  of  w^re 
over  which  they  were  transmitted  was  nearly  200  miles.  For  their  transmission 
over  the  wires  of  the  Westei-n  L^nion  Telegraph  Company,  the  Eugene  Jaccard 
Jewelry  Comj^any  entered  into  a  special  contract  with  the  District  Superintendent, 
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umler  whifh  tlu'V  })aid  to  him  .^l.")  ])i'r  niontli;   wliiK'  on  llu'   part   of  this  ()I)serva- 
tory  thov  wore  entirely  <>ratiiitous. 

As  tliis  serviee  was  subsequently  sui)ersi'(le(l  l)y  the  Washing-ton  University 
time  serviee,  under  the  direetion  of  I'rof.  II.  S.  Pritehett,  it  is  but  simple  justiee  to 
preserve  in  the  Memorials  of  this  Observatory  a  reeord  of  the  fact,  that  it  rendered 
for  so  long  a  tinu'  and  so  sueeessfully,  under  jx'culiar  diilieidties,  and  in  the  faee  of 
ungvnerous  opposition,  and  without  a  eent  of  remuneration,  for  the  g'reat  eit}'  of 
St.  Louis,  this  useful  time  serviee.  I, .therefore,  transcribe  from  the  Observatory 
Records  of  ^Slay  2.  1SS2,  a  letter  of  Mr.  C.  C.  Adams,  Manager  of  the  Eugene 
Jaeeard  rlewelry  Company,  writti'u  in  answer  to  one  addressed  to  him  April  2G. 


St.  Loi'is,  Jto.,  May  1,  1882. 

JIi:.    C.     W.    l^RITCHETT, 

Director  of  Morrison    Observe  tori/,   Glasr/oir.  Mo. : 

Dear  Sir, — Your  note  of  "iGtli  reminds  us  of  a  neglected  duty.  The  time  serviee  has  beeu 
efficient  and  highly  satisfactory,  and  if  you  will  continue  it  for  the  present,  at  least,  we  shall  be 
very  glad.  "We  have  had  some  talks  with  j'our  son  ( Prof.  H.  S.  Pritehett,  then  of  Washington 
University  ),  in  reference  to  a  change.  We  expected  in  the  beginning  to  extend  the  signals,  but 
the  Western  Union  Telegraph  Company  has  put  an  embargo  on  that  by  their  heavy  tax  for  wires 
around  the  city.  In  a  few  days  we  may  be  able  to  speak  more  definitely.  In  the  mean  time  we 
assure  you  of  our  appreciation  of  the  service,  though  we  must  confess  that  the  public  at  large  do 
act  exhibit  much  interest  in  it. 

With  due  respect  we  are  vours,  etc., 

eugenp:  jaccard  .jewelry  company. 

C.  C.  Adams,   General  Manager. 


The  following  telegram  was  received  July  '1:  — 

St.    Ldiis,   Mo.,  .r,ihi  1.    1882. 
OijsKUVATOKV,   (flaaijow.  Mo. : 

'I'liirtv  days  from  dati',   tlic   Eugr-iie  .Jaccard  Company   will  discontinue  time  l)all. 

.1.    II.    TOl'LIFF,    Chief  Operator. 


Accordingly  the  signal  was  sent  for  the  last  tune  July  31,  and  was  answered 
OK  —  A.  The  letter  A.  being  the  signature  of  the  Western  Union  Office,  St. 
Louis. 


TIME    SEI{VI(K.  ()3 


TIMK    SKUVICK    ON    It  Al  I.IK  )AI).S. 


On  April  24,  1882,  we  bc'<;an  to  si'iul  oilicial  tiiiu-  sii>-nals  on  tlie  Chic:i<j;-()  & 
Alton  Railway.  These  signals  are  sent  from  the  Observatory  every  moi-ning, 
except  Sunday,  at  9*  80"".  Since  November  18,  1883,  they  have  been  referred  to 
the  VI.  hour  meridian  from  Greenwich,  in  accordance  with  general  agreement. 
The  time  indicated  by  these  signals  is  therefore  fast  of  our  own  local  lime,  bv  11'" 
18* .03  —  it  is  fast  of  St.  Louis  local  time  49',  and  is  slow  of  Chicago  local 
time  9""  33^.22.  These  slight  differences  are  entirely  forgotten  in  the  general  con- 
venience resulting  from  a  uniform  time  standai-d  over  all  Xorth  America.  The 
wire  is  occupied  in  sending  the  signals  only  1'"  30'.  They  are  sent  on  an  open 
circuit,  the  main  line  being  held  open  for  a  few  seconds  liefore  beginning.  At 
9*  29"  0',  the  open  circuit  is  first  closed  by  the  clock.  On  the  first  series,  it 
continues  to  be  closed  every  second  for  45  seconds,  or  until  9''  29"*  45'.  The 
circuit  is  then  left  open  for  15  seconds,  or  until  9*  30™  0'.  Precisely  at  9*  30"  0', 
the  clock  again  begins  to  close  the  circuit  on  the  second  series,  and  continues  to 
do  so  for  30  seconds,  when  the  signals  cease  at  9*  30"  30'.  For  each  clock  beat  of 
the  second  series,  a  second  beat  is  interpolated  by  hand  (or  by  an  extra  iJcndiilum), 
at  about  the  interval  of  0'.3,  thus  nuiking  the  second  series  one  of  continuous 
double  beats.  This  is  done  for  the  convenience  of  train  dis])atchers  and  others 
who  wish  to  take  note  of  the  signals,  as  it  gives  an  audible  distinction  between  the 
series  before  and  after  the  critical  signal,  at  9''  30".  Sometimes  the  circuit  may  be 
interrupted  on  one  series,  and  not  on  the  other,  so  that  by  this  distinction  train 
men  and  others  have  four  independent  ojjportunities  to  identify  the  minute  and 
second,  as  thus  shown  — 


Begiuiiiug  of  first  series  of  single  beats,  .  .  .9*  29"'     0' 

Fm(\  of  first  series  of  single  beats,       .  .  .  .9*  29"  45' 

Main  Signal.     Beginning  of  second  series,  double  beat8.  .  9*  SO"     0' 

End  of  second  series,  double  beats,  .  .  9*  30"*  30' 

The  wire  over  which  these  signals  go  is  one  of  the  busiest  in  the  West,  and 
generally  there  is  no  opportunity  to  announce  "time";  but  the  signals  break  into 
any  message  then  in  transit.  Operators  (except  novices  on  the  line)  have  learned 
to  hold  off  and  wait.  Indeed  they  can  do  nothing  else,  since  the  clock  holds  the 
line.  Keeping  it  open  1%  second,  and  closing  it  i\.  Even  should  a  key  be  thrown 
open  part  of  the  time  the  programme  of  signals  shown  aljove  affords  abundant 
opportunity  to  fix  the  minute  and  second  by  having  the  beginning  or  end  even  of 
a  partial  series. 
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As  the  standaril  clock  of  an  OhiscM'vatory  cannot  l)e  changed  to  acconnnodatc 
fractions  of  a  second,  it  is  found  best  (savinj:^  the  expense  of  a  liack  ck)ck)  to 
employ  a  pi'iuluhun  delicately  mounted  and  adjusted  to  mean  time  seconds,  yet 
unconnected  with  clock  work.  Such  a  pendulum  will  vibrate  uniforndy  for  fdVeen 
or  twi-nty  niinntes,  or  even  lon<:^er.  The  cii-cuit  is  closed  at  the  lowest  i)art  of 
its  arc  by  contact  with  a  <>lobulo  of  niercui'v.  It  may  be  set  in  moticni  so  as  to 
make  the  contact  at  the  exact  fraction  of  a  si'cond  re<|uire(l.  This  is  done  by 
])ressin<i-  aji-ainst  the  jjendulum  arc  Avith  a  finj>-er  till  it  stands  at  the  highest  point, 
then  aliaiidoiiiuii-  it  to  j;i'avity  at  the  pi'oi)cr  instant.  This  adjustment  is  made  one 
or  two  minutes  Ijcfore  the  si<>iials  benMu,  and  if  necessary,  is  repeated  till  })recision 
is  attained.  AVhcn  the  free  jx'udulum  has  ])een  adjusted  to  the  instant  to  be  noted, 
it  is  cut  into  the  main  line  just  as  the  clock. 

It  is  nnich  to  be  regretted  that  we  have  been  so  restricted  in  sending  signals 
to  nunierons  towns  and  places  of  business  which  have  applied  for  them.  It  has 
l)een  in  our  power  to  do  a  useful  work,  and  at  the  same  time  to  make  some 
money  for  ourselves  and  the  Telegraph  Company.  But  the  very  high  rates 
demanded  for  the  use  of  wires  have  entii'ely  closed  the  door  against  us. 

TUANSrr    OF   MEKCLliV,    ls78,    MAY   5-6. 

As  careful  preparation  was  made  to  observe  the  transit  of  Mercury  across  the 
disc  of  the  sun.  May  5-6,  as  ni}'  resources  would  allow.  The  a^^erture  of  the  121 
inch  equatorial  was  reduced  to  7  inches  diameter  by  a  paste-board  cap.  To  make 
sure  of  opportiuiity,  several  nights  in  advance,  the  focal  adjustments  of  the  eye- 
piece were  most  carefully  made  by  turning  the  instrument  successively  on  the 
moon,  Castor,  7  Leonis,  and  finally  on  Uranus  and  his  satellites.  The  i)lanet  being- 
concealed  by  sliding  the  ej'e-piece,  the  two  outer  satellites  were  very  distinct,  even 
to  unpracticed  e3X'S.  The  mici'ometer  eye-piece  employed  has  a  magnifying  jDower 
of  275.  The  zero  of  the  position  circle  was  newly  tested  by  causing  the  transverse 
micrometei-  thread  to  bisect  stars  in  transit  across  the  field.  It  was  found  to  stand 
at  Po  =  130^,  as  for  the  previous  two  months. 

The  day  was  all  that  coidd  be  desired.  Till  noon  a  very  slight  haze  was 
perceptible,  so  thin  and  transparent  as  rather  to  facilitate  than  to  hinder  the  obsei- 
vations.  In  the  afternoon  this  barely  perceptible  vapor  jjassed  away,  and  the  sky 
was  intensely  blue. 

Fifteen  minutes  before  the  computed  time  of  first  contact,  the  equatorial  as 
previously  adjusted,  and  with  a  shade  of  blue  glass  screwed  over  the  eye-piece, 
was  turned  on  the  sun,  and  the  position  circle  set  to  read  85°,  thus  making  the 
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transverse  tliread  liave  an  incliiiatioii  of  '.WTr,  to  tlir  diri-ction  of  diunial  motion. 
I'lic  fixed  micrometer  tluH-ad  (  />')  fartliest  from  the  serew-iiead,  was  made  tangent 
to  the  snn's  hmb,  tlie  driving  clock  was  set  to  work,  and  the  insti-nment  clamped. 
The  movable  micrometer  thread  was  then  bronght  near  enongh  to  the  fixed  thi-ead 
to  cut  oil'  a  line  segment  of  the  sun's  disc.  So  successful  were  the  adjustments, 
that  when  the  [)rotruding  segment  of  ^Mercury  was  tirst  detected  it  was  in  contact 
Avith  the  transverse  thread  on  the  north  side.  The  time  of  the  various  phases  was 
noted  on  the  chronograjdi,  the  circuit  being  broken  by  sidei-eal  clu'onometer, 
Xegns  l.liOO.  The  chronometei-  was  eom2)ared  both  morning  and  evening,  just 
preceding  the  observation,  with  the  standard  sidereal  clock,  Frodsham  loOl).  The 
error  and  rate  of  clock  were  deduced  on  May  4  and  (i.  from  observations  of  the 
AVashington  time  stars,  on  the  meridian  circle,  all  the  constants  of  which  were 
newU'  determined  for  those  evenings.  On  May  4,  the  iollowing  stars  were 
observed,  and  the  clock  error  and  rate  dednced  by  the  metiiod  of  least  squares. 

12  Cuniiiii   Vcna/ironiiii.  r,  Ursa'  Majorix,  5  Ursa;  Majoris, 

Polaris,  snb.  jmIo,  r^  BootLi,  ;  Bootis, 

C  Virifhiis,  u  Draconiti,  ifiLibra>. 

a  Bootis,  Arctiiriis. 

The  deduced  clock  correction  and  daily  I'ate,  on  ]May  4.  sidei-eal  hour  To'' .814, 
were  — 

Clock  error  =  A'  of  i;!H'.)  =  —  ()•.  1  :•  <V  :=  tlnily  late  =  —  ()'.()4 

From  which  the  chronometer  rate  and  ei'ror  wei'e  found  to  be  for  18''.S]4, 

A'  =  —  -^■"  'i'-.s  1  S<  =  —  O'G;") 

The  stars  used  on  May  0,  were  o  IV/y/////^-,  p  Corvi.  12  (Juiuon  Vanatlcorutn, 
Polaris  sub.  polo,  and  '  Vlr(jliiis.  from  which  tlie  clock  error  and  I'ate  deduced  for 
sidereal  hour  12.175,  were  — 

A'  =  — fi"--2'->  cV  =  — OMI.j 

and  from  these,  the  chronometer  error  was  found  — 

A<  =  —  2'"  '.t-.l 4  (V  =  —  O'.cr. 

To  guard  against  an}-  accident  at  the  chronograph,  an  assistant  noted  the 
mean  time  by  an  excellent  watch,  the  error  and  rate  of  Avhicli  were  well  knowai. 
Though  no  occasion  was  afforded  to  rely  on  this  additional  notation  of  time,  it 
served  as  a  check  on  the  reductions.  The  assistant  also  noted  the  phases,  as 
signaled  by  the  observer   at  the  telescope. 
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Phase  ].  —  E.vtenud  Contact.  The  protrusion  of  Mercury  on  the  sun's  disc, 
whi'U  lirst  detected  was  not  so  Hat,  nor  the  encroachment  so  great,  as  drawn  in 
Prof.  Newcoinb's  "  Instructions  for  Observing  the  Transit  of  Mercury"  Fig.  2, 
Ext.  C'ont.  The  notch  or  ])rotruding  segment  was  iH'cognized  at  21'' 1"' 58',  L.M.T. 
From  actual  observation  of  the  emergence  of  a  similar  segment  at  egress,  I  infer 
tliat  true  external  contact  occurred  8'  earlier.  Hence  I  note  true  external  contact 
at  21*  1"*  50".  I  could  detect  no  arc  of  light  enveloping  the  small  segment,  nor 
with  the  most  scrutinizing  search  could  I  detect  Mercury  outside  of  sun's  disc. 

Phase  2. —  Phenomenon  of  the  CusjJS.  I  noted  tlic  time  corresponding  to  the 
])osition  of  the  cus])s  in  Newcond)'s  Fig.  2,  I.  It  was  the  mean  of  several  esti- 
mates. I  noted  no  blunting-  of  the  points  at  this  stage  of  the  cusps.  The  time 
noted  was  21*  4""  4',  L.M.T.  The  cusps  remained  very  distinct  and  steady,  con- 
tinuall}'  growing  thinner,  and  with  sharper  points  approaching  each  other. 

Phase  3.  —  First  Internal  Contact.  The  cusps  appeared  entirely  steady  and 
distinct  until  very  near  the  time  of  contact.  The  undulations  were  much  fewer 
than  I  had  expected  to  see.  My  eye  ran  rapidly  along  the  approaching  curves  of 
the  cusps,  disregarding  the  undidations  until  the  directions  of  these  curves  met  at 
the  same  point  on  the  sun's  limb.  This  was  the  moment  noted  for  internal  geo- 
metric contact.  The  edge  of  sun's  limb  was  also  surprisingly  steady  and  well 
"  defined,  showing  only  a  fcAV  apparent  scratches  or  minute  notches.  The  shading 
of  the  eye-piece  was  such  as  to  give  the  face  of  the  sun  a  mild  blue  tinge,  free 
from  all  glare ;  and  the  impression  on  my  eye  was  that  it  was  not  more  than  twice 
as  bright  as  a  perfectly  clear  southern  sky,  illumined  by  the  sun  when  tAvo  hours 
above  the  horizon.  The  moment  noted  for  first  internal  geometric  contact  was 
21'  4"*  34',  L.M.T.,  corresponding  to  22*  T"  40',  W.M.T. 

Phase  4. —  The  Darh  Band  or  Ligament.  For  a  few  seconds  subsequent  to 
my  estimate  of  the  internal  contact,  the  excessively  narrow  interval  between  the 
])oints  of  the  cusps  remained,  and  assumed  tlie  form  of  a  very  narrow  band  or 
ligament,  with  curves  slightly  convex  to  each  other.  Tliis  narrow  band  faded 
i-apidly  away  and  disappeared  Avith  a  slight  apparent  curvature  towards  the  sun's 
limb.  About  the  time  of  change  from  double  to  single  curvature  I  noted  the 
time  to  be  21*  4'"  43%  corresponding  to  22*  7"  40',  W.M.T.  My  impression  is,  that 
this  phase  corresponds  very  nearly  to  the  first  luidulation  of  sun-light  round  the 
entire  ])lanet,  or  to  the  vanishing  point  of  the  cusps.  If  the  first  glimmer  of  sun- 
light i-ound  the  entire  planet  is  to  be  taken  for  the  internal  contact,  it  must  have 
occurred  very  nearly  at  22*  7""  46',  W.M.T. 

Phase  .5.—  The  Perfect  Disc  of  Mercury  on  the  Sun.  At  21*  4"*  53',  L.M.T., 
corresponding  to  22*  7"*  59',  the  planet  was  certainly  clear  of  the  sim's  liml),  and 
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appeared  as  a  perfect  eirele  with  a  measurable  Ijaiul  of  li<;lit  between  it  and  tlie 
limb.  AVhile  I  can  not  assign  tlie  exact  instant  when  all  distortion  ceased,  it 
certainly  occurred  betwau-n  21*  4"*  43'  and  21"  4™  53',  L.M.T. 

P/iasfi  0. —  Formation,  of  Lk/ament  at  Fgress.  The  phenomenon  was  entirely 
similar  to  the  chang'e  from  double  to  single  curvature  at  the  ingress,  but  in  reverse 
order;  the  time  noted  was  May  G,  4'*  30"' 58",  L.M.T. ,  coi'ivsponding  to  .5'' 34'"  4', 
W.M.T. 

Phase  7.  —  Second  Internal  Contact.  I  again  tried,  as  in  Phase  .'?,  to  note  the 
instant  when  the  limb  of  Mercurj'  was  in  geometric  contact  with  the  limb  of  the 
sun.  This  moment  was  certainly  between  the  cessation  of  light  undulation  round 
the  entire  planet  and  the  formation  of  the  cusps.  The  time  noted  was  4*  SI"  5% 
L.M.T.  corresponding  to  5*  34*"  11',  W.M.T.  The  light  undulation  round  the  planet 
probabl}^  ceased  about  twelve  seconds  earlier,  or  very  near  the  time  of  Phase  6. 

Phase  8.  —  External  Contact  at  Egress.  The  time  of  this  last  of  the  Phases 
was  noted  at  4"  33"*  52',  L.M.T.,  corresponding  to  5"  36"'  58',  W.M.T.  I  regard  the 
time  noted  for  this  Phase  as  well  nigh  free  from  all  error.  The  edges  of  discs 
were  both  distinct  and  steady,  far  beyond  my  expectation.  The  vanishing  of  the 
last  notch  of  Mercury  Avas  almost  as  precise  as  the  immersion  of  a  star  on  the 
moon's  dark  limb,  and  far  more  precise  than  its  immersion  on  the  bright  limb.  I 
<?an  not  think  there  can  be  an  error  of  more  than  =b  0'.5  in  the  time  of  this  contact. 
After  the  planet  had  passed  entirely  off  the  sun  I  again  made  the  most  earnest 
effort  to  detect  some  trace  of  it,  but  witliout  success. 

Special  Phases.  —  1.  Thirty  minutes  before  the  egress  there  was  a  diffusion 
of  light,  as  of  glancing  rays,  which  seemed  to  me  to  reveal  the  spherical  surface  of 
Mercury  as  the  raised  convexity  of  the  moon's  bright  surface  appears,  when  the 
terminator  is  well  advanced.  I  watched  it  for  some  minutes  with  great  satis- 
faction. I  can  not  think  that  my  imagination  constructed  it  from  preconceived 
notions  of  convexity. 

2.  At  no  time  during  the  transit  (lasting  more  than  7i  hours)  could  I  detect 
any  spots  of  marked  brightness  on  the  face  of  the  planet,  nor  any  ring  or  arc  of 
light.  I  also  directed  the  attention  of  visitors  to  these  points,  and  asked  them  to 
scrutinize  the  disc  and  border  most  attentively,  to  detect  them,  if  possible.  As  I 
accommodated  more  than  fifty  visitors  at  the  Observatory  during  the  intervals  of 
observation,  and  none  of  them  detected  such  special  markings,  I  think  the  evi- 
dence is  quite  strong  against  their  existence.  This,  however,  I  can  confidently 
say,  the  bluish-black  disc  of  Mercury  was  not  uniformly  dark ;  there  was  a  slightly 
mottled  appearan(?e   in  several  parts,  ]iarticularly  southwest  of  the  center  about 
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;{  r. M.  In  my  iiiuU'V  oftliriT  iiu-lu's  apirturr,  ;in(l  lurnislu'd  with  a  shade  (lillorinji,- 
very  Httlo  from  tliat  on  tlie  mic-roiiR'ter  eye-pit'ci',  tlie  image  of  ]S[ereury  appeared 
during"  the  whole  transit  suri-ounded  with  a  ring  oi-  lialo  of  light.  This  was  so 
marked  as  to  attraet  tlie  attention  of  visitors.  Indeed,  my  attention  was  first 
directed  to  it  by  a  visitor.  This  was  not  a  result  of  focal  adjustment,  foi-  the  finder 
never  showed  better  images. 

3.  During  the  progress  of  the  mieronu'ter  measures,  on  tlie  diameter  of  the 
planet,  I  noticed  one  ])henomeuon  which  set'uis  to  me  to  bear  some  analogy  to  the 
"Ligament"  or  "Black  I)ro]),"  as  it  is  freipiently  called.  When  the  micrometer 
thri'ad.  tipped  with  sun-ligh(,  and  sun  at  a  certain  angle,  was  brought  near  to  the 
planet,  there  was  an  ap])arent  protrusion  from  the  planet  towards  the  wire,  entirely 
similar  to  the  ligament,  but  on  a  much  smaller  scale.  I  am  sure  of  no  deception 
in  this  matter,  J'or  misolicited  and  unlooked  for  it  arrested  my  attention,  and  I 
repeated  the  experiment  frequently.  It  seemed  to  me  that  when  the  image  of  the 
planet  was  made  to  approach  any  sti'ongly  illuminated  edge  that  this  phenomenon 
immediately  manifested  itself.  An  illuminated  edge  seemed  to  be  essential  to  it. 
Remarks  on  this  observation,  by  Prof.  H.  M.  Paul,  may  be  seen  in  the  Appendix 
JVb.  1,  WasJiinr/fon  Ohservatiotis,  18T6,  page  11(3. 

MICROMETER   MEASURES   OF   DIAMETER   OF   MERCURY   ON   SUN'S   DISC. 


>llc.  I. 

Mic.  II. 

Mic.  I. 

Mic.  II. 

MIC.  I. 

MIC.  II. 

Mic.  I. 

Mic.  II. 

Xortli  to  South. 

Kust  to  West. 

Northeast  to  Southwest, 

Southe.ast  to  Xol- 

hwest. 

86.4.S0 
.475 
.480 
.498 

88.212 
.276 
.219 

.278 

86.400 
.418 
.148 
.466 
.480 

88.235 
.204 
.262 
.228 
.228 

86.449 
.460 
.415 

88.216 
.220 
.221 

86.436 
.418 
.409 
.386 
.395 

88.20(5 
.200 
.204 
.198 
.180 

86.441 
0.8895  Rev.  = 

86.454 
.425 
.430 

88.219 
11.  "49 

88.274 
.293 

.218 

86.471 
0.8875  Rev.rr 

86.4.50 
.466 
.408 
.486 
.455 

88.246 
11".46 

88.220 
.262 
.261 
.252 
.314 

86.442 
0.8950  Rev.= 

86.464 
.485 
.452 
.443 

88.232 
11  ".55 

88.210 
.233 
.266 
.215 

86.409 
0.8950  Rev.  = 

88.199 
11.  "55 

86.436 
0.9130  Rev.= 

88.262 
11  ".79 

86.466 
0.8980  Rev.  = 

88.262 
11  ".59 

86.462 
0.8845  Rev.= 

88.231 
11".42 

Jleau  =  11' 

..525 

Mean  =11 

'.485 

:\rean=ll' 

.640 

Menu=ll' 

.5.50 

The  general  mean  of  these  observations  is  ll'^oo.  The  .small  differences  in 
these  series  I  am  sure  is  not  due  to  any  real  difference  in  the  apparent  diameters. 
The  compression  is  too  small  to  be  detected  by  such  measures!     The  values  here 
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given  lor  the  .several  direetiuii.s,  and  Cur  tlie  general  mean,  ditler  slightly  iVom 
those  given  in  Appendix  No.  2,  Washington  Observations,  1876,  and  Observatory 
No.  77.  They  have  been  derived  from  a  earefnl  revision  of  the  original  i-eeords, 
and  the  final  valne  of  the  mieronietcr  screw.  The  diffeivnee  between  the  two 
general  means  is  0".17. 

OCCL'I.TATIOXS    OK    STAUS    15Y    TIIK    MOOX. 

For  several  years  after  work  was  l)egun  at  \\n'  Observatory,  some  of  the 
brighter  stars  were  observed  at  oeeultation,  IVom  month  to  month,  as  opportunity 
oeeurred.  The  inmiediate  object  of  {\\rsv  ol)scrvations  was  to  secure  available 
data  for  a  preliminary  determination  of  the.  longitucU'.  .Vfti-r  a  numl)er  of  fruit- 
less eftbrts  to  secure  corresponding  observations  at  some  fixed  obser\atory,  whose 
longitude  was  well  detei-mined,  the  observations  Avei'e  discontinued.  While  look- 
ing over  the  note  books,  such  of  these  observations  as  readily  ])resented  them- 
selves have  l)een  noted,  and  are  Iutc  inserted,  in  the  liope  tliat  tliey  ma^y  be  of 
some  use,  either  in  longitude  deti'rminations,  or  in  comparing  the  (observed  and 
taljuhrr  |)laces  of  the  moon.  In  several  instances  the  star  itself  has  not  been  fully 
identified.  Such  stars  are  marked  with  an  asterisk.  The  time  of  immersion  or 
emersion  was  noted  by  a  practiced  assistant  Irom  the  face  of  sidereal  chronometer, 
Xegus  1590,  for  all  the  occidtations  to  April  22,  1877.  The  subsequent  ones  were 
noted  on  the  chronograph.  In  every  instance  the  eri'or  of  chronometer  or  clock 
was  carefully  ascertained  and  ap])lied. 


Date. 

SlJir. 

I..  M.Tiinc. 

Ktniaiks. 

Dale. 

Star. 

L.  M.  Time. 

Reniailis. 

isro. 

/;.     m.         s. 

isrr. 

/;.    m.       s. 

May  26 

w'Cancri  * 

9  38    4.86 

Im.  Fine  Seeing. 

April  22 

45  Leonis 

7  33  19.23 

Im.  Obs.  very  good. 

May  26 

(u-Cancri  * 

9  42  31.63 

Im.  Fine  Seeing. 

May    28 

B.A.C.  6220* 

15  17  33.05 

Im.  Satisfactory. 

July  2'J 

b  Scorpii 

7  27  38.77 

Iin.  Fine  Seeing. 

July    28 

11  Pisciura 

15  17    1.05 

Im.  Br.  limb.  Prob.  cr. 

Aug.  2.5 

Y.  6403    * 

7   54  21.79!lin.Me.-.3Gooci01i5. 

Nov.  11 

20Capricorui 

9  14  34.57 

Im.  Very  good. 

Oct.    2o* 

Pn)b.  Ar".  S.  Z.  > 
P,:!l3-23.No.l.5 

6  43      4.72   Ini.  Mg.  8,  very  piod 

Nov.  12 

45Caprieomi 

7  53  44.65 

Im.  Ver>"good. 

1S7S. 

Nov.  25 

B.A.C.8311 

11  49  10.88 

Im.  Obs.  .Hatisfuctory. 

Feb.      5 

9897  Schj.    * 

7  58  44.68 

Im.  Very  good. 

Dec.     4 

y  Cancri 

9  5.5  25.89 

Im.  Duration  thn.5. 
Gnoil. 

April  10 

//-'Cancri 

9  44  12.03 

Im.  Very  good. 

Dec.  26 

//  Arietis 

5  55  17.10 

Im.  A'ery  satisfactory. 

Nov.     1 

21  Capricor.* 

7  56  48.47 

Im.  Good. 

1ST7. 

187». 

Feb.     1 

X  Virgin  is 

17  11     0.13 

Im.  Excellent  obs. 

Juue     3 

Antares 

9  22  27.10 

Im.  Excellent. 

Feb.      1 

r  Virgiuis 

18   23    13.18    Em.  Very  g„od. 

June     3 

Antares 

10  33    6.12 

Em.  Good.  Prob.  er. 

+1' 
Im.  Obs.  very  good. 

Mar.  19 

,u  Pleiadum 

7  59    44.I61  Iin.vcijgoodobs. 

Aug.  24 

Antares 

9  14  27.42 

Mar.  Ill 

//  Pleiadum 

9       5    14.80    Ein.  Prub.  cr. -l-l.. 

Aug.  24 

Antares 

Time  lost  on  ChroDO. 

Oeeultation  of  a  Star  by  Jupiter.  Under  the  Planet  Jupiter,  an  account  is 
given  of  the  oeeultation*  of  -l  Geminorum,  Greenwich  7  Yr.  Cat.,  Xo.  788.  The 
star  finally  disappt^ared  at  11*  28"  56».91,  L.M.T.,  1882,  November  7. 
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OCCULT.VriON    OF    I'LANETS. 

'The  Oi'cidfatiim  of  Uranus,  by  Iho  moon,  Avas  observed  1877,  A\m\  21. 
Moment  of  first  c-(mt:u't,  boginnino-  of  i)artial  pbase,  1 1'' 27""  10'.8G,  L.M.T.  Moment 
of  internal  eontaet,  l)eii-innino-  of  total  i)hase,  11'*  27'"  14'.85,  L.M.T.  External  eon- 
taet  at  emersion  (not  satisfactory),  12'' 2.1i"' 22.80  ±  15".  The  dnration  of  oeenl- 
tation  was  49'"  48'.8().  Bnt  the  g-lare  of  moon's  bright  limb  obsenred  the  planet  a 
few  seconds  at  emersion.      Hence  the  donbt. 

OcciiUdtion  of  Veil  IIS,  1877,  Di'ciiiihn-  S.  As  this  phenomenon  was  witnessed 
over  all  the  western  part  of  the  United  States,  and  the  interest  taken  in  it  was 
shared  alike  liy  the  edncated  and  illiterate,  and  even  by  children,  I  shall  abridge 
an  acconnt  of  its  observation  here  from  an  article  of  a  po])nlar  cast  w^hich  I  pnb- 
lislu'd  in  the  Kansas  Cltij  Review,  Febrnary,  1878. 

The  evening  was  as  favorable  as  possible,  the  sky  being  cloudless  and  tem- 
perature agreeable,  37°  Fah.  in  the  o])en  air.  ISlany  persons  noted  the  time  ol" 
disap|)earance  of  Yenns,  as  seen  by  the  nnassisted  eye.  But  in  a  large  telescope 
there  were  several  phases  of  great  interest.  I  speak  of  them  as  they  appeaj-ed  in 
the  field  of  such  an  instrument,  undei-  an  amplifying  power  of  275. 

The  nnassisted  eye  could  i-cadily  see,  beside  the  bright  crescent  of  the  moon, 
the  dark  portion  of  her  disc  rendered  visible  by  the  reflection  of  light  from  the 
earth.  On  the  evening  of  December  8,  Venus  Avas  only  three  days  from  her 
greatest  oastei-n  eh)ngation ;  hence  her  disc  was  almost  perfectly  divided  into  semi- 
circles—  one  brilliantly  lighted  by  the  snn's  dii-ect  rays,  and  the  other  entirely 
dark;  even  the  feeble  ashy  light  fading  out  in  pivsence  of  the  moon.  For  half  an 
hour,  Venus,  to  the  unaided  e^'e,  seemed  to  stand  still  on  the  northeastern  limb  of 
the  moon,  on  the  very  border  of  the  "  ashy  light."  In  the  field  of  the  telescope  the 
limbs  ajjpeared  separated  by  an  interval  of  several  minutes  of  arc,  the  bright  semi- 
circle of  Venus  being  turned  toAvards  the  moon's  dark  limb.  The  purity  and  still- 
ness of  the  air  serA'ed  to  shoAv  the  moon's  dark  limb  to  great  advantage,  the  sky 
teyond  ap])earing  black  in  contrast  Avith  the  "ashy  light."  The  boundary  of  the 
moon's  dark  limb  being  thus  distinctly  marked,  I  Avatched  eagerly  the  gradual 
a[)i)roach  of  the  iM-ight  aiid  ashy  discs,  holding  my  finger  on  the  break  circuit  key, 
ready  to  note  on  the  chronograph  the  instant  of  contact. 

The  vicAV  Avas  rare  and  beautiful.  In  the  occultation  of  the  brightest  fixed 
stars,  the  moon's  dark  limb  approaches  only  an  intensely  bright  point;  but  here 
two  g^eat  spheres  projected  as  circles  Avere  rapidly  approaching  each  other. 

When  the  bright  limb  of  Venus  was  Avithin  8"  or  lO'if  of  the  moon's  dark  limb, 
ft  phenomenon  occurred,  Avhich  has  ahvays  been  noted  in  a  superior  degree  in  the 
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transits  of  Venus  across  the  sun's  disc.  Perhaps  it  may  atlbrd  some  indication  of 
the  extent  and  density  of  the  atmosphere  of  Venus.  Instead  of  a  sliarp,  closely 
defined  contact  of  discs,  whicli  was  so  fully  promised,  a  border  of  wavering-  light, 
several  seconds  in  Avidth,  seemed  to  precede  the  planet.  Its  general  eftect  was  such 
as  to  place  in  slight  doubt  the  moment  of  external  contact.  The  instant  noted  for 
external  contact  was  5"  30'"  55'.92,  L.M.T.  This  time,  hoAvever,  must  be  taken 
rather  as  the  instant  of  first  appreciable  encroachment  on  the  bright  limb  of  the 
planet,  and  marking  the  beginning-  of  partial  phase. 


The  curve  of  the  moon's  dark  limb  projected  on  the  bright  semi-circle  of 
Venus  now  rapidly  advanced  towards  the  straight  line  or  diameter  dividing  the 
enlightened  and  unenlightened  halves.  In  31^10  this  curve  reached  the  northern 
cusp  of  the  planet.  This  cusp  was  simply  blunted,  but  there  was  no  disturbing  arc 
of  light,  and  the  time  Avas  instantaneously  noted  at  5''37"'26'.94:,  L.M.T.  oS^oav  began 
the  most  interesting  pait  of  tlie  phenomenon.  It  consisted  in  the  constant  cutting 
aAvay  of  the  sectoi'-like  siu-face  foi-med  by  the  straight  terminator  of  Venus,  the 
curve  of  the  moon's  limb,  and  the  rim  of  Venus.  The  figure  annexed  (Fig.  1) 
shows  the  sector  as  bounded  by  the  straight  line  n  s,  the  curve  n  m,  and  tlie  curve 
m  s.  As  draAAii,  the  curve  of  the  moon's  dark  limb  has  just  reached  the  northern 
cusp;  the  tAvo  dotted  arcs  are  intended  to  represent  the  advancing  curve  of  the 
moon's  dark  limb  near  the  middle  of  the  sector,  and  Avhen  the  southern  cusp  Avas 
reached,  and  the  planet  was  totally  concealed.  Since  in  a  large  instrument,  even 
with  a  moderate  poAver,  only  a  small  portion  of  the  moon's  surface  can  be  seen, 
Avhile  the  Avhole  visible  surface  of  Venus  occupies  a  conspicuous  part  of  the  field, 
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l.luMV  is  IK)  \v;iv  to  soc-ure  the  just  optical  cllrct,  l)iit  hv  drawing;-  W'Uiis  Avitli  an 
apparent  tlianu'tor  far  greater  than  is  due.  liearini>-  in  mind  tlie  hitciitionfd  dis- 
projiortion  oC  tlie  disks,  the  Inne  0  A  B  C  O  reprt'st'nts  the  eniiglitened  part  ol" 
tin-  moon,  the  semi-eirele  »  .i- f  .s,  the  chirk  i)art  of  \'eniis,  the  tigure  ii  t  )n  u,\\w 
j)art  of  Venus  oeeulted  Avhen  the  nortliern  cusp  was  reached,  and  tlie  sector 
n  )ti  s  //,  the  part  still  enlightened. 

Afti'r  the  inunersion  of  the  northern  cusp  only  about  20'  remained  till  the 
oceultation  was  complete.  These  were  moments  of  intense  interest,  as  I  watched 
l.he  advancing  arc  cutting  otf  moi'e  and  more  of  tlu'  small  triangular  patch  of  light, 
and  saw  it  gradually  fading  into  nothingness.  Jn  a  few  seconds  the  southern  cus]) 
shot  out  its  last  ray — Iles[)erus  had  dis-ippeared  from  the  sky,  Cynthia  had  van- 
quished ^'enus.  'I'he  total  inunersion  occuri-ed  at  .V'  37'"  4r)'.()0,  L.]\r.T.  At  this 
time,  however,  all  that  {nivt  of  Venus  hounded  liy  the  curves  .»■  .s  and  ,r  r  s  was  pro- 
jected still  l)eyond  the  moon's  dark  limb. 

In  the  emersion  first  came  the  internal  contact  of  discs,  which  mai'ks  the  close 
of  the  total  phase.  Occurring  on  the  moon's  l)right  limb  the  time  of  its  occurrence, 
or  rather  the  instant  of  first  light  from  the  emerging  i-im  of  Yenus,  could  not  be 
.sharply  noted.  The  emergence  of  the  northern  cusp  was  noted  sharply  at  C/4:(y"' 
44"19,  L.]M.T.  The  dui-ation  of  the  j)heiu)meiu)n  from  first  eoutact  to  the  emersion 
of  the  northern  cusj)  being  l*  9'"  48'.27.  Only  a  few  seconds  later,  and  the  entire 
dark  semi-circle  of  the  planet  emerged  from  behind  the  moon's  l)i'ight  limb;  the 
bounding  rim  of  ^'enus  on  the  dark  liml)  l)eing  invisibU'.  it  was  impossible  to  note 
the  exact  time. 

Partial  Ocoi/tiif/oii  of  ]'(}iiis  hi/  fJic  Moon.  October  12.  1H~U.  To  the  unaided 
eye  the  light  of  Yenus,  in  this  oceultation,  was  only  ])ereeptibly  dimiuislied;  but 
the  very  interesting  phases  presented  in  the  telescope  were  wholly  concealed  from 
tinassisted  vision.  The  phase  at  greatest  o])scuration  ])ossesses  a  very  unique 
interest,  on  account  of  the  peculiar  I'clation  of  tlu'  bounding  curves  of  light  and 
darkness. 

The  morning  Avas  veiT  tine,  one  of  the  most  beautiful  known  to  our  climate. 
jSTot  a  cloud  Ol-  vapor  disturbed  the  observation.  The  image  of  Yenus,  usually  so 
wavering,  was  very  steadv.  I  never  before  saw  the  planet  so  beautiful.  At 
20*  55'"  L.M.T.,  the  folloAving  measures  of  ])osition  angle  and  distance  of  cusps 
were  nuide  — 

;^  =  •.>08°..'.K  .s' =  .")(»". (I 

The  j)lanet  was  moving  lujrthward  at  the  rati'  of  3-4"  per  hour.  Its  easterly 
motion  w^as  very  small  ('N'enus  being  nearly  stationary  at  that  time),  less  than  4" 
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])or  hour.  The  moon  was  moving  soiitlnvard  at  the  rate  ol'  l.")".;]  per  minute,  and 
eastward  at  the  rate  of  31".5  per  minuti-.  For  some  tiuie  it  seemed  that  the  moon 
Avould  pass  Venus  from  nortliwest  to  southeast,  Avithout  auy  eneroachment  what- 
ever, on  the  disc  of  the  i)lanet.  At  20''  55'"  lo",  L.M.T.,  and  wliile  the  adjacent 
dark  liml)  of  the  moon  was  I'utirely  invisihle,  tliat  j)eculiar  l)hiish  or  purplish  light, 
which  lieralds  tlie  approach  of  the  moon  into  the  fiekl  of  a  tek'scojje,  I)egan  to 
manifest  itself  The  innnediate  effect  Avas  to  render  much  darker  the  hollow  cavity 
between  the  cusps  of  Venus,  and  to  blunt  both  cus[>s.  This  decided  change  was 
so  remarkable  as  to  engross  my  whole  attention.  It  seemed  as  if  a  segment  nnich 
darker  than  the  unillnmined  jiart  of  Venus  between  the  cusos,  had  been  suddenly 
protruded  into  the  space  between  the  horns.  Even  the  southwestern  horn  oi' 
Vemis,  which  at  no  time  was  occultt'd.  was  Jbi-  some  moments  sensil)ly  blunted. 
As  we  have  no  evidence  of  a  lunar  atmosphere,  these  effects  ai'e  |)rol)ably  due  to 
irradiation.  Pei'hajjs  the  (Umisi-  atmosphere  of  Venus  hersrlf  may  in  j)art  accouul 
for  it. 

As  the  dark  limb  of  the  moon  moved  for  sonu'  minulcs  in  contact  with  the 
northeastern  cusp  of  Venus,  it  was  very  difficult  to  noti'  the  exact  second  when 
the  encroachment  began.  At  20''  55'"  30",  L.M.T.,  the  moon's  dark  liml)  was  cer- 
tainly beginning  to  cut  into  the  narrow  crescent  of  Vemis,  and  tliis  nuist  .stand  for 
the  beginning  of  the  phase.  At  20''  ~)ry"  50'  a  very  sensible  point  had  been  cut 
oft"  from  the  northeastern  horn.  \t  21''  !'"  5()'  the  greatest  phase  was  manifested, 
when  moi-e  than  one-half  of  the  bright  crescent  of  Venus  had  been  cut  away.  It 
was  a  most  iniique  and  beautiful  sight  to  behold  that  .sharp,  .slender  and  hiight 
cusp  of  tlie  crescent  (only  7".8  in  width  at  its  widest  part)  standing  out  in  the 
blue  sky  beyond  the  moon's  dai-k  limb,  as  ii'  totally  separated  fi-om  tlie  moon  and 
from  A^eiuis.  There  it  stood  a  quivering  bright  bird-beak  cusp,  with  the  moon's 
dark  limb  cutting  down  obli(piely  llu-ough  its  base,  and  totally  isolating  it  (^in 
ap])eai'ance)  frofn  everything  else  in  nature.  An  idea  of  its  aj)pearance  may  be 
formed  by  referring  to  the  cusp  ni  s  i\  Fig.  2,  and  remembering  that  it  is  the  oidy 
huninou.s  surface  in  the  field  of  vision.  Xear  this  time,  tlu'  chord  joining  the  S.W. 
horn  of  Venus  to  the  internal  point  of  the  ci-escent.  cut  by  the  moon's  dark  limb, 
was  mea.sin-ed  and  found  to  be  37".43.  At  21"  V"  ]'.V  auothei-  measine  of  this  con- 
tinually inci'easing  chord  and  ils  position  angle  was  made,  the  residl  standing 
2)=2'2V,  .>.-  =  49".0G.  Hardly  had  this  measure  been  completed  when  the  northern 
horn  flashed  out  into  view  from  l)ehind  the  moon's  dark  limb  like  a  bright  star. 
This  occurred  at  21''  7'"  21'.  Hoth  horns  of  Venus  were  noAV  jjrojeeted  beyond  the 
moon's  dark  limb.  Fig.  2  is  designed  to  i-epresent  this  phase  a  few  seconds  after 
the  northern  horn,  .r  .i  n,  jiad  flashed  out  intt>  view.     A  thin  lunar  segmi'ut  still 
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coiKH'ali'il  ;i  ciirrcsponding  sog'iiu'iit  of  Wiiiis;  l)iit  in  :i  I'rw  sofonds  a  narrow 
tlii'i'ail  of  li^lit  lirokc  throTiu-li,  and  the  pt'i'lrct  ci'csccnt  shone  in  its  wonted  splen- 
dor. As  tlie  edt'i'  of  tile  cresct'nt.  neai'  the  ])oint  ol"  external  eontaet,  eame  into 
\  iew.  the  ine([nalities  on  tlu'  moon's  snrCaee  i;ave  tlu'  edife  oC  the  cri'scent  a  very 
nntclied  appearance.      Dnration  of'tlie  ])hase.  11'"  41*. 


DIAME'rEUS    OF   MARS. 

Rednctio)!  of  Ohs('n-(i(io)i.'<  of  DIaniffcrs  of  Mors,  titade  at  the  npj)ositlon,  of 
7S81-S2.  At  tlu"  opi^ositions  of  Mars  in  1879-80,  and  in  1881-82,  series  of 
nu'asni'es  of  his  appai-ent  diametei's  were  made  hy  myself  with  the  large  filar 
micrometi'r  of  <>ur  i'(|uatt)rial.  Tlie  lormer  series  was  redneed  by  Prof.  Henry  S. 
J'l'itchett,  and  tlii'  resnlts  are  gi\cn  in  AfitroDOinische  K((c]n'ic]it('ii,  2309.  The 
lat-ei'  series  1  have  now  redneed,  and  the  ol)servations  and  I't-dnetions  a|)peai-  here, 
in  detail;  and  tiie  results  are  compared  with  tliose  of  the  former  series.  An 
abridgnu-nt,  sliowing"  results.  a|)])ears  in  Astrouonii.'iche  jSfacliricMen^  2()52.  The 
correction  for  phase  Avas  computed  from  the  difference  formula.  A''  =  %  ■  =siu  (p —  6), 
in  which  (j  is  the  greatest  defect  of  illumination,  and  p  and  6  are  position  angles  of 
points  on  the  defective  limb,  and  of  the  line  joining  the  cusps.  The  directions  of 
the  observed  diameters  are  for  the  e((uator  of  Mars — Equator -(- io'^,  the  poles  and 
poles  +  4.")"  —  tile  angles  being  reckoned,  as  usual,  from  the  north  by  Aviiy  of  the 
east.  'J'lie  vahies  lA'  q  and  e.  and  the  direction  of  the  axis  of  Mars,  have  been  taken 
on  the  authority  of  ^\v.  A.  Martli  (  Moiithlii  Xofircs,  Yo}.  XXXIX.). ^  In  the 
following  table  the  apijroxiinate  mean  time  of  observation  is  given  for  the  local 
meridian  in  colunm  1,  the  ajjproximate  hour  angle  in  column  2,  the  direction  in 
column  '.],  tlie  observed  value  (O.A.)  in  column  4,  iiumbei'  of  observations  in  column 
;"),  correction  for  ])hase  in  column  (5,  the  corrected  diameter  in  column  7,  and  the 
diameter,  at  distance  unity,  in  column  8.  In  reducing  to  distance  unity,  the  dis- 
tances between  the  centers  of  tin-  earth  and  Mars  were  carefully  interpolated 
from  the    h'n'fis/i  Xanflcdl  AhiKiiKtc 

V.  W.  Pkitchett. 
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To 


Uate. 

M.T.  M.O. 

ir.  A. 

Direction. 

r).  V. 

No.  OI)S. 

Phusi'. 

for.niii. 

rtiii.ui  1. 

1881 

Dec.     4 

10   4  7.5 

—3.24 

71-251 

15. (IS 

, 

1 

-|-(i.i(; 

„ 
15.21 

9.(ii;'. 

4 

57.(1 

—3.08     1 

116-29(; 

14.42 

;i 

0.15 

14.57 

9.190 

4 

11      4.0 

-2.!I7     1 

161-341 

14.20 

3 

0.06 

14.26 

8.995 

C 

10  44.5 

—3.12     i 

71-251 

15.49 

3 

0.13 

15.62 

9.758 

'              (i 

54.5 

— 2.!)G     1 

116-296 

14.68 

3 

0.13 

14.81 

9.252 

(i 

1 1     5.0 

—2.78     1 

lGl-341 

14.73 

3 

0.05 

14.78 

9.233 

8 

18     G.5 

+4.41 

70-25(1 

14.58 

3 

0.11 

14.69 

9.087* 

];! 

17  .V!.5 

-J-4.G4 

.70-250 

16.48 

3 

0.06 

16.54 

10.066 

l:! 

18     4.0 

4.82 

115-295 

15.44 

3 

0.06 

15.. 50 

9.433 

13 

13.0 

4.'J7 

lGO-340 

16.07 

4 

0.02 

1G.09 

9.791 

14 

!l  3G.0 

—3.56 

69-249 

16.18 

4 

0.06 

16.24 

9.868 

14 

4;t.5 

-3.33 

114-294 

15.45 

4 

O.OG 

15.41 

9.3G3 

14 

57.0 

—3.04     1 

159-339 

1.5.52 

4 

0.03 

15.55 

9.448 

15 

11   47.0 

—1.28 

69-249 

15.37 

4 

0.04 

15.41 

9.342 

15 

.52.5 

—1.20 

114-294 

15.32 

4 

0.04 

15.36 

9.. 'ill 

15 

58.0 

-1.10 

1 59-339 

15.00 

4 

0.01 

15.01 

9.099 

10 

.s  41.5 

—4.28 

69-249 

15.78 

4 

0.04 

15.81 

9.569 

IG 

45.0 

—4.22 

114-294 

15.57 

4 

0.04 

15.61 

9.448 

k; 

!)      7.5 

—3.85 

159-339 

14.88 

4 

0.01 

14.89 

9.012 

•        k; 

1!).5 

— 3.G5 

204-  24 

15.66 

4 

0.02 

15.68 

9.490 

21 

U  58.0 

—2.54 

68-248 

15.93 

4 

0.01 

15.94 

9.608 

21 

10     5.5 

—2.42 

113-293 

15.14 

4 

0.01 

15.45 

9. .3 12 

21 

13.5 

—2  28 

158-338 

15.14 

4 

0.00 

15.14 

'.1.1 27 

21 

22.0 

—2.14 

203-  23 

15. (w 

4 

0.01 

15.G8 

9.452 

22 

u;   41.5 

-1-4.28 

68-248 

15.34 

4 

0.01 

15.35 

9.257 

22 

48.5 

4.3;i 

113-293 

15.42 

4 

0.01 

15.43 

9.305 

22 

5(;.o 

4.52 

158-338 

15.48 

4 

0.00 

15.48 

9.335 

22 

17      1.5 

4.61 

203-  23 

15.27 

4 

(1.01 

15.28 

9.215 

2.'! 

;i  14.0 

— .3.08 

67-247 

15.63 

4 

0.01 

15.64 

9.437 

23 

24.0 

1 1 2-292 

15.41 

4 

0.01 

15.42 

9.303 

'           23 

3G.0 

— 2.72 

157-337 

15.32 

4 

0.00 

15.32 

9.244 

23 

41.0 

—2. 63 

202-  22 

15.49 

4 

0.01 

15.50 

9.352 

24 

9  22.5 

—2.85 

67-247 

16.01 

4 

0.01 

16.02 

9.G75 

24 

28.0 

—2.76 

112-292 

14.94 

4 

0.00 

14.94 

9.023 

24 

34.0 

—2.66 

157-337 

15.46 

4 

0.00 

15.46 

9.337 

24 

38.5 

—2.58 

202-  22 

15.86 

4 

0.01 

15.87 

9.585 

25 

10  14.0 

—1.90 

67-247 

16.07 

4 

0.00 

16.07 

9.719 

•           25 

20.5 

—1.7!) 

112-292 

15.54 

4 

0.00 

15.54 

9.399 

25 

27.5 

—1.67 

157-337 

15.54 

4 

o.oo 

15.54 

9.399 

i:> 

34.5 

— 1.55 

202-  22 

15.78 

4 

0.01 

15.78 

9.544 

2(j 

9   16.5 

—2.76 

67-247 

15.22 

4 

0.01 

15.23 

9.227 

2(; 

26.0 

—2.60 

112-292 

15.33 

4 

0.00 

15.33 

9.287 

2(1 

33.0 

—2.48 

157-337 

15.71 

4 

0.0(1 

15.71 

9.517 

21! 

38.0 

—2.40 

202-  22 

15.49 

4 

0.01 

15.50 

9.390 

2S 

8  41.5 

—3.15 

66-246 

15.85 

4 

0.00 

15.85 

9. 644 

2.S 

,           46.5 

—3.07 

111-291 

15.39 

4 

0.01 

15.40 

9.370 

■>s 

52.5 

— 2.!»7 

156-336 

15.13 

4 

0.01 

15.14 

9.212 

■>s 

57.5 

— 2.  Sit 

201-  21 

15.55 

4 

o.oo 

15.. 55 

9.462 

iMKi 

,  .1:111.      C. 

1       7  22.5 

—3.36 

G5-245 

15.00 

4 

0.04 

15.04 

9.481) 

t; 

'           34.0 

—3.44 

110-290 

14.34 

4 

0.05 

14. 39 

9.080 

'•          (; 

1           46.5 

—3.21 

15.J-335 

14.39 

4 

0.03 

14.42 

9.099 

'•              6 

'       8     2.5 

—2.97 

200-  20 

14.67 

4 

0.00 

14.67 

!).25H 

"              8 

1       7  50.5 

—2.99 

G4-244 

14.76 

4 

0.04 

14.80 

9.447 

''                ,S 

8     3.0 

—2.78  ■ 

109-289 

14.59 

4 

0.05 

14.64 

9.345 

'•               ,s 

:           26.5 

—2.39 

154-334 

14.67 

4 

0.03 

14.70 

9.385 

'•               s 

3.S.5 

— 2.i:» 

I'.i'.t-  i:t 

14.21 

4 

-|-0.0I 

14.22 

9.079 

7G 


PUIU.ICATIOXS    OI-    MOKItlSdN    ()l?SKl!VATOKY 


11.,!.. 

M.  r.  M.  i>. 

11    A. 

Dir.vli,.!,.              i\.\. 

No.Oli.s. 

I'haso. 

Cor.  Dia. 

Dhi.  .'U  1. 

A.         m. 

». 

. 

„ 

„ 

„ 

„ 

1882, 

Jan.  11 

7  22.5 

—3.19 

64-244 

14.26 

4 

-1-0.08 

14.34 

9.330 

11 

32.5 

—3.02 

1 09-2X9 

13.78 

4 

0.08 

13.86 

9.018 

<          11 

42.5 

—2. SO 

154-334 

13.77 

4 

0.04 

13.81 

8.991 

11 

51.5 

—2.71 

199-  19 

14.68 

4 

0.02 

14.70 

9.565 

13 

8  13.0 

—2.18 

64-244 

14.25 

4 

0.07 

14.32 

9  451 

13 

21.5 

—2.02 

109-289 

14.00 

4 

0.10 

14.10 

9.306 

••          13 

36.5 

—1.79 

154-334 

13.78 

4 

0.07 

13.85 

9.141 

13 

50.0 

—  1.56 

199-  19 

13.89 

4 

0.02 

13.91 

9.182 

14 

8  10.5 

—2.13 

64-244 

14.26 

4 

0.09 

14.35 

9.541 

U 

"16.5 

—2.04 

109-289 

14.29 

4 

0.11 

14.40 

9.575 

U 

22.5 

—1.94 

154-334 

14.04 

4 

0.06 

14.30 

9.509 

It 

28.0 

—1.84 

199-  19 

14.12 

4 

0.02 

14.14 

9.402 

17 

7  23.0 

— 2.68 

63-243 

13.71 

4 

0.11 

13.83 

9.410 

17 

30.0 

—2.56 

108-288 

12.91 

4 

0.12 

13.21 

8.990 

17 

37.0 

—2.45 

153-333 

13.53 

4 

0.07 

13.60 

9.254 

17 

42.0 

—2.36 

198-  18 

13.42 

4 

0.03 

13.45 

9.1.i2 

18 

7  22.5 

—2.61 

63-243 

13.72 

4 

0.12 

13.84 

9.495 

18 

27.5 

— 2.52 

108-288 

13.16 

4 

0.14 

13.30 

9.124 

18 

33.5 

—2.42 

1.5.3-333 

13.  .38 

4 

0.08 

13.46 

9.234 

18 

39.5 

—2.32 

1!)8-  18 

13.59 

4 

0.03 

13.62 

9.344 

21 

7   14.8 

—2.. 50 

63-243 

13.42 

4 

0.15 

13.57 

9.548 

21 

20.5 

—2.41 

108-288 

13.30 

4 

0.16 

13.46 

9.471 

21 

26.2 

—2.31 

1.53-333 

13.. 30 

4 

0.09 

13.39- 

9.423 

21 

31.9 

—2.21 

198-  18 

13.36 

4 

0.04 

13.40 

9.429 

22 

6  50.5 

—2.82 

63-243 

13.68 

4 

0.15 

13.63 

9.673 

22 

59.5 

—2.68 

108-288 

13.12 

4 

0.17 

13.29 

9.433 

22 

7     9.0 

—2.52 

153-333 

13.16 

4 

0.09 

13.25 

9.404 

'          22 

18.5 

—2.36 

198-  18 

13.23 

4 

0.04 

13.27 

9.420 

26 

6  55.6 

—2.44 

63-243 

13.39 

4 

0.19 

13. .58 

9.995 

26 

7     6.8 

—2.26 

108-288 

13.42 

4 

0.21 

13.63 

10.032 

26 

18.0 

—2.07 

153-333 

12.91 

4 

0.10 

13.01 

9.576 

26 

29.3 

-1.89 

198-  18 

12.52 

4 

0.06 

12.58 

9.201 

28 

7     8.5 

—2.09 

63-243 

13.05 

4 

0.22 

13.27 

9.953 

28 

15.5 

—1.97 

1 08-288 

13.08 

4 

0.22 

13.30 

9.975 

28 

'22.5 

—1.86 

153-333 

13.47 

4 

0.11 

13.58 

10.184 

28 

29.5 

—1.74 

198-  18 

12.99 

4 

0.06 

13.05 

9.788 

31 

7  22.6 

—1.65 

62-242 

12.71 

4 

0.22 

12.93 

9.979 

31 

27.8 

—1.56 

107-287 

12.36 

4 

0.24 

12.60 

9.725 

31 

33.0 

—0.48 

152-332 

12.48 

4 

0.13 

12.61 

9.733 

31 

43.4 

—1.30 

197-  17 

13.23 

4 

0.06 

13.29 

9.259 

1882. 

Ffli.    2 

7  11.5 

—1.70 

62-242 

12.43 

4 

0.23 

12.66 

9.601 

i            •> 

16.5 

—1.62 

107-287 

11.96 

4 

0.25 

12.21 

9.607 

2 

21.5 

— 1..54 

152-332 

12.09 

4 

0.13 

12.22 

9.616 

'             2 

31.5 

—1.37 

197-  17 

12.30 

4 

0.07 

12.37 

9.731 

4 

7  32.5 

—1.22 

62-242 

12.28 

4 

0.24 

12.52 

10.047 

1 

37.5 

—1.14 

107-287 

11.99 

4 

0.27 

12.26 

9.839 

4 

42.5 

—  1.06 

152-332 

12.41 

4 

0.14 

12.55 

10.072 

4 

47.5 

—0.98 

197-  17 

11.94 

4 

0.07 

12.01 

9.639 

7 

7  43.0 

—0.86 

63-243 

12.05 

4 

0.26 

12.31 

10.175 

'           .7 

49.0 

—0.76 

108-288 

11. .50 

4 

0.28 

11.78 

9.737 

7 

55.0 

—0.66 

153-333 

11.46 

4 

0.13 

11.59 

9.581 

'             7 

8     7.0 

—0.46 

198-  18 

12..30 

4 

0.09 

12.39 

10.243 

'             8 

9  55.3 

-1-1.40 

63-243 

11.14 

4 

0.26 

11.40 

9.524 

8 

59.9 

1.48 

108-288 

11.48 

4 

0.28 

11.76 

9..S25- 

•            .s 

10     4.5 

1.55 

153-333 

11.83 

4 

0.15 

11.98 

10.010 

■^ 

1.3.7 

1.71 

198-  18 

11.11 

4 

-f-0.09 

11.20 

9.358 

DIAMKTKKS    (tF    MAKS. 


Dale. 

M.T. -M.  O. 

II.  A. 

l>lit*liun. 

1      <>.  V. 

No.Obs. 

ritatiO. 

1  Cur.  DIa. 

nu.  at  1. 

1882,  Feb. 

9 

!i  29".'9 

+1*'.03 

63-243 

10.78 

4 

4-0.27 

11.05 

9.'321 

9 

3.>.7 

1.13 

108-288 

10.88 

4 

0.29 

11.17 

9.424 

9 

41.0 

1.23 

153-333 

10.68 

4 

0.14 

10.82 

9.129 

9 

53.1 

1.42 

198-  18 

1   10.81 

4 

0.09 

10.90 

9.197 

13 

7  2.5.8 

—0.80 

63-213 

11.07 

4 

0.28 

11.35 

9.9.52 

13 

31.4 

0.71 

1 08-288 

10.19 

4 

0.30 

10.79 

9.461 

13 

37.0 

0.61 

153-333 

10.37 

4 

0.15 

10.52 

.    9.225 

13 

48.2 

—0.-13 

198-   IK 

10.67 

4 

0.09 

10.76 

9.437 

1882,  F*b. 

U 

9    13.3 

+  1.04 

63-243 

10.29 

4 

•    0  28 

1  10.57 

9.365 

.' 

14 

19.9 

1.15 

H)8-2H,S 

,   10.67 

4 

0.31 

1  10.97 

9.720 

14 

26.5 

1.27 

1 53-333 

10.56 

4 

0.15 

10.71 

9.489 

1  1 

'.1  39.7 

+1.4.S 

19.S-   IS 

10.01 

4 

+o.o;i 

10. i:; 

s. 117(1 

T.iBULATlON   OF    RESULTS,  AND  KESIDUALS  WITH   THEIR   S(JL'AHES. 


Dati'. 

Eo'iator. 

F.q.+4i' 

Polls 

P(>iw+«» 

EQIATOIC. 

Eq.  +  K' 

Poles. 

Pod-s  +  JJ" 

' 

.. 

^ 

.. 

.                ... 

' 

„ 

I8H1. 

„ 

,, 

„ 

„ 

„ 

., 

„ 

„ 

Dec. 

4 

9.613 

9.190 

8.995 

4-0.020.0004 

4-0.24 

0.0576 

4-0.40  0.1600 

" 

6 

9.758 

9.252 

9.233 

—0.120.0144 

4-0.  iM 

0.0324 

-(-((.17  0.0289 

13 

10.066 

9.433 

9.791 

— 0.43  0. l.S4'.( 

0.000.0000 

— 0.3:10.1521 

14 

9.868 

9.3G3 

9.448 

— 0.2;>  o.o.52'.i 

4-o.O(;  (i.ddSCi 

—  ((.05  0.0025 

^ 

'• 

15 

9.342 

9.311 

9.099 

-|-o. 300.0:100 

4-0.120.0144 

4-0.3((O.((9((o 

16 

9.569 

9.448 

9.012 

9.490 

4-0.07  0.004:1 

— 0.020.0004 

4-0.39  0.1521 

— 0.04i  0.0016 

21 

9.608 

9.312 

9.127 

9.452 

4-0.030.000:1 

4-0.12 

0.0144 

4-0.27  0.0729 

0.00  0.0000 

" 

22 

9.257 

9..305 

9.335 

9.215 

4-0.3,s  0.1444 

4-0.12 

0.0144 

4-0.06  0.0030 

4-0.24   0.0576 

is 

9.437 

9..303 

9.244 

9.352 

4-0.20  0.0400 

4-0.12 

0.0144 

4-0.16  0.((25(; 

4-0.10  u.oioo 

n 

24 

9.675 

9.023 

9.337 

9.585 

—  0.04  0.0016 

4-0.40 

0.1600 

4-0.06  ((.((036 

—0.13  0.0169 

25 

9.719 

9.399 

9.399 

9..544 

—0.08  0.0064 

4-0.03 

0.0009 

O'.0((  0.0000 

— 0.09|  0.0081 

i- 

26 

9.227 

9.287 

9.517 

9.390 

4-0.410.1081 

4-0.14 

0.0196 

—0.12  0.0144 

—0.06:  0.0036 

'• 

28 

9.644 

9.370 

9.212 

9.462 

—0.01  0.0001 

4-0. OC'0. 0036 

4-0.19,0.0301 

—  0.01:  0.0001 

Jan.     6 

9.489 

9.080 

9.099 

9.258- 

4-0.15  0.0225 

4-0.35  (). 1225 

4-0.3o!o.0900 

4-0.19  0.0361 

>• 

8 

9.447 

9.345 

9.385 

9.079 

4-0.liMI.O361 
-j-0.31  0.0961 

4-0. 0.s  0.0064 

4-((.oi  0.0001 

4-0.37'  0.1369 

'i 

11 

9.330 

9.018 

8.991 

9.565 

4-0.41  0.1681 

4-0.41  ((.KiiSl 

— 0.11:  0.0121 

13 

9.451 

9.306 

9.141 

9.182 

— 0.190. o;;r.i 

4-0.12  0.0144 

-|-0.26  0.0676 

-(-((  27'  0.0729 

'1 

14 

9.541 

9.575 

9.509 

9.402 

— 0.100.0100 

— 0.15(1.0225 

— 0.11  ((.0121 

4-0.05   0.0025 

.. 

17 

9.410 

8.990 

9.254 

9.152 

4-0.23  0.0529 

-1-0.44 

0.19.-.6 

-|-((. 15(1. ((225 

4-0.:!((   O.O'.IOO 

18 

9.495 

9.124 

9.234 

9.344 

4-0.14  0.0196 

4-0.30 

0.0900 

4-0.17  0.0289 

4-0.11  0.0121 

21 

9.548 

9.471 

9.423 

9.429 

— 0.09  0.0081 

—0.04 

0.0016 

—0.02  0.0004 

—0.021  0.0004 

1' 

22 

9.673 

9.433 

9.404 

9.420 

—0.04  0.0016 

().(K)!0.0000 

0.00  0.0000 

4-0.03'  0.0009 

li 

26 

9.995 

10.032 

9.576 

9.261 

—  0.36  0.12:16 

— o.(;o(i. 3(100 

— ((.I.s(».0.i24 

4-0.1:1   ((.0361 

ii 

28 

9.9.53 

9.975 

10.184 

9.788 

— 0.32O.1024 

—0.55,0.3025 

— ((.7.S0.60.S4 

—0.34    0.1156 

u 

31 

9.979 

9.725 

9.733 

10.2.59 

—0..34  0.1156 

—0.30 

0.0900 

—0.33  0.1  (J8!) 

—  0.81,  0.6561 

Feb. 

2 

9.961 

9.607 

9.616 

.  9.734 

—0.32  0.1024 

—0.18 

0.0324 

—0.22  0.0484 

—0.28:  0.0784 

I. 

4 

10.047 

9.839 

10.072 

9.639 

—0.41  0.1681 

—0.41 

0.1681 

— 0.67  0. 44s;( 

—0.19'  0.0361 

ii 

7 

10.175 

9.737 

9..581 

10.243 

—0.54  0  2916 

—0.31 

0.0961 

— 0. IS  ((.((324 

—((.79   0.6241 

8 

9.524 

9.825 

10.010 

9.358 

4-0.11  0.0121 

—0.40 

0.1600 

—0.61  0.3721 

-(-((. 09   O.OOSl 

•    it 

9 

9.321 

9.424 

9.129 

9.197 

4-0.32  0.1024 

0.00 

0.0000 

4-0.27  0.0729 

4-0,25,  0.0625 

13 

9.952 

9.461 

9.225 

9.437 

—0.31  0.0961 

—0.03 

0.0009 

4-0.17  0.0289 

4-O.O1!  0.0001 

14 

9.365 

9.720 

9.489 

8.976 

-1-0.27  0.0729 

— 0.29JO.0841 

—0.090.0081 

—0.48:  0.2304 
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SERIES    OF   1881-82. 


l)iiirU..n», 

l)i:ii.ulir. 

No.(;i-..ni.s. 

I'n.b.  Knui-. 

K(lii:»t(M- 

>t.G:i8 

;J2 

±  ().():!  n; 

Ki|U:it<>r-|-  J')° 

!l.4-28 

.•il' 

±o.(i;'.iM 

IV.los 

'.K  mi) 

.'i"J 

±o.();!(;:) 

l-olrs+lV 

'.K\'<-> 

■-'7 

-l-(i.ii:!.s7 

SERIES   OF    1879-80. 


liirnli.Mi^.                liiiiuiulL-r.    ,  No.ilruups. 

JMi.b.  Errors. 

±0.044 

I'",i|ii:itor 

1 

i).(;:!S 

17 

Kiliiator-f  1.")'' 

:i.:.l7 

s 

±0.032 

I'oK's 

'.I.422 

17 

±0.024 

l'„l,.s+J.-,° 

'.I.I.S'.I 

:i 

±0.04;; 

A-suniiuii'  tlial  (.■;u-li  <>l)>fi'\  Jiticni  is  ;m  iiulc|)fii(lciit  iiU'a.suiH'  of  the  saiiic  pli_v>i- 
t-al  (luaiititv  (ni'  iu'jiK'ctiii_u-  tlu'  flli[)ticit v  oCtlic  disc),  and  dctcTiiiiniiiu-  the  \vci<i-lils 
IVoin  the  ))r()l)ai)lc  crrm-s.  wc  liavt' 

(Jciierul  M«-:m  for  is.si_,s2  r= '.i".4.s;!.")±  il".ii;!(;.  (;.'in-r;il  Mnin  lor  I.s7:i-S0  =  ;i".4.s(;  ±ii".li;!:'.. 

AN'liili'  l)<)tli  si'i-irs  point  vcrv  dccidcdlv  to  an  clliiJlical  disc,  I  ^lionld  l)c  vcrv 
far  from  attcinptin"-  to  estimate  tlie  compression  IVoni  tliese  measures.  It  is  woftliy 
<»1"  iiotici'  that  the  general  mean  of  the  two  series  is  not  wry  l\\v  from  the  arithnu'- 
tif  niean  hetweiMi  Dr.  Ilartwiti's  valni'  from  heiionieter  nieasui-es,  5*".;>r>2  (  /^iih.  ^isf. 
iire.s.,  XV.),  and  tiie  \ahie  i>".<)l»7  deduced  hv  Mr.  A.  M.  II.  Downing  from  ooT 
ob.servations  ol'  the  vertical  diameter,  madi'  with  tlie  (ireenwich  Transit  Circle 
hetween  the  veai's  18.11-1880.      Sec  Mouthh/  Xofirrs.  N'ol.  .XLII. 


TUK    I'LA.NF.r    .Ul'irKU. 


For  two  hundred  and  liity  years  ]>ast.  ohservatioiiN  on  this  yiyaiitic  plani't 
have  been  first  in  order,  with  all  who  possessed  liie  means  oi"  making  them.  His 
})road  and  variegated  disc,  his  gi-eal  licit  system,  and  his  cver-clianging  satellites, 
have  \)vvu  ol)served  and  drawn  thousands  of  times,  and  yet  the  atti-aclion  is  ever 
new  and  resisllos  lor  (■\i-ry  amatem-.  During  the  last  seven  years,  ob.servation.s  on 
.loviau  phenomena  have  l)een  greatly  stinudatcd  by  the  appearance  and  persistence 
ol"  the  "(Jrcat  lvc<l  Spot."  which  came  under  obserxation  in  ►Inly.  1878.  Some 
a.strononu-rs  Innc  taken  considei-al)le  pains  in  looking  up  evidence  for  its  piwicnis 
existence,  and  for  its  ])ei-iodical  I'ctnrns.  There  is  indeed  no  ti-ouble  to  refer  to 
previous  markings,  which  ri'send)le  more  oi'  less  strikingly  in  Ibrm  and  color,  this 
spot;  but  all  the  evidence  connecting  ihem  with  the"(ii-eat  lied  Spot,"  is  almost 
fatally  impaired  by  tlie  rapid  drift  i>f  nearly  all  spots  on   the  Jovian   surface.     'I'he 
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iT(l  spot  has  Ih'cii  coiiiijaratively  stal)lc;  yrt.rvtMi  this  j^ical  laiidinark  has  so  i-ftro- 
irradc'd  tliat  thi'  axial  roiatioii  of  tliu  ])hiiu't,  as  dctcniiiiu'd  from  it,  dittc-rs  ncarl'v 
five  si'coiids  of  tiiiu'  hi'twi-i-n  ]iS7iS-79  and  LS8J— So.  All  who  liavi'  takt-n  the  j)aiiis 
to  compaiv  for  theinselvos  its  position  at  various  datfs  rt'Iativflv  to  ^Ir.  ^lailh's 
zt'i'o  iiK-ridian,  inii>t  l)r  salisHcd.  t'itlicr  that  liic  spot,  stahli'  as  it  lias  scciiU'd,  has 
at-tuaily  drifti'd  in  the  Jovian  atmosphere,  oi'  if  solid  land,  as  some  maintain,  that 
the  elliptical  apei'ture  in  the  eloudy  (■(i\ crinii-  has  drifted  and  exposed  different 
parts  of  the  red-hot  surface  of  the  planet.  I>c  this  as  it  may,  the  fii'st  obsei'vation 
of  this  most  sti-ikin<>-  markin;>- olttained  in  liie  northei-n  heinisphere  was  made  at  tlie 
^MoiJiusoN  Ohskuvatokv,  July  1).  1S7S.  An  account  of  the  o])servation,  togi-tlier 
with  a  sketch,  is  |iul)lislie(l  in  the  "  < thsii-nilorii"  for  Januai'v,  1879  (No.  21). 
Durini!,-  the  interveninji-  years,  not  only  this  >.])ot  l)iit  vai-ious  other  inai-kinj>-s  on 
the  surface  of  Jupiter  have  been  studied  witii  a  zeal  and  painstaking  carefulness 
before  unknown.  The  results  havi'  added  much  to  our  knowled,i;e  of  the  physical 
characteristics  of  the  planet,  and  of  lluxaried  and  astonishinu'  changes  which  so 
fivcpu'ntly  occui-  on  the  surface;  and  if  lliey  have  not  li\ed  the  pei'iod  of  axial 
rotation  with  absolute  certainty,  they  lia\c  at  least  (iiniinished  gi-eatly  its  limits  of 
error.  Should  the  I'otation  period  vwv  be  ah.-olutely  determined,  it  is  not  j)r<)bable 
tliat  it  will  (litter  tivi'  second.s  from  the  nuau  of  all  the  (h'tei-minations  from  the  red 
^spot. 

The  observations  accunuilated  in  the  last  seven  years,  make  it  evident  that 
the  surface  and  eiivii'onment  of  the  grt-at  plaiu't.  art'  in  a  state  analogous  in  somt' 
resj)ects  to  those  of  tlu'  sini.  It  has  been  known  since  the  investigations  of  Car- 
rington,  that  there  is  a  .slight  difference  in  the  lotatiou  ])eriod  of  the  sun,  when 
determined  by  marking.s  on  his  equatoi',  and  by  those  cousidei'ably  north  or  south 
of  it.  Xot  until  late  year.s,  hoAvever,  has  it  been  certainly  known  of  Jupiter,  that 
his  mean  pei'iod  of  axial  rotation  ditfei-s  con>iderably  when  detei'mined  by  s])ots  of 
diiferent  colors,  even  in  the  same  /.one.  and  especially  by  spots  having  diffiM-ent 
positions  relatively  to  his  e(piator.  Spots  and  markings  ha\e  abounded  during  the 
last  few  years,  and  the  i-otation  ])eriod  has  been  determined  from  tlu'in  over  and 
over  again.  The  results  obtained  from  the  observations  of  the  red  spot  in  1879-80, 
revealed  the  fact  that  it  was  retarded  on  the  pi-evioiisly  accepted  time  of  rotation. 
The  time  of  rotation,  deduced  from  obsei-vations  made  by  the  Director  of  Moiati- 
sox  Obseryatoky  in  1879-80,  may  be  seen  at  large  in  a  paper  prepared  by  Mr. 
Henry  S.  Pritchett,  and  read  before  the  Boston  meeting  of  the  American  Associ- 
ation for  the  Advancement  of  Science,  held  in  August,  1880.  These  observations 
extend  from  July  10  to  February  o,  including  507  rotations  of  the  planet.  After 
eoi-rection    for    aberration,    and    the    relative    motion    of  the    earth    and   Jupiter, 
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0(in;itii>n>  <>l"  coiulition  Avon>  loniu'd  IVoin  the  oljscrvation.'^,  which,  solved  by  the 
mVllKul  of  liMst  s(iu;uvs.  o-avr  \hv  rotjition  ].cri()(l  !>''  ;")"'  ;U\2  ±  0'.7  {Proceed- 
{))(!.<.  A.  A.  f'nr  A.  S..  ^'()l.  XXIX..  Part  I.).  l'\)r  the  saiiii'  opposition,  'Mv.  II. 
Pratt,  of  Brighton,  Enghiiul.  ol)taiiu(l  llic  \aluc  9''  ."),")"'  '.MVM  from  321  rotations 
{Moiitldii  Xotices,  Vol.  XL.):  and  Mr.  T.  I).  Hrcwin.  of  Leicester,  England,  the 
valne  0*  .")"•  lU'A  from  437  rotations  {Mo, if///;/  Xo/n-rs.  \'ol.  XL.);  while  Mr..  A. 
■Mart!)  (U^diiced  from  all  the  o1)-ei'vations  of  1S7!»-S1.  tlie  value  !•''  .").")'"  IWAI 
(M<»if/i/)/  Xoficts.  A'ol.  XLl.).  A  liMigtliy  diseusslon  of  ol)sei-vations.  hy  the  late 
Dr.  fTulins  Schmidt,  ol'  the  Ohseivatory  at  Alliens,  (ireece,  may  he  seen  in  the 
Asfro/xniiisr/it'  X(ir/n-ir/ifri).  Xo.  2:542.  He  examini's  the  results  from  numerous 
<>Toupinn-s  of  the  o!)servations.  4'iie  vahies  dciived  are  confined  within  tlie  limits 
<)''  .").")'"  ol',  and  9''  .")'"  39';  hut  the  pn'|ioii(U'i-ating  value  is  9''  .").?"  ;)4'''.4,  with  an 
ont.<tanding  ii-rcgularity  for  the  month  of  Se])tember,  1879. 

During  tin-  years  intervening  from  1S7S  to  1884-3,  the  retardation  of  the  red 
spot  continued,  so  that  the  period  of  rotation  for  the  oppositions  of  1882-83,  and  of 
1883-84,  as  deduced  by  Prof.  Hough  of  the  Dtarhorne  Observatory,  Chicago,  and 
by  Mr.  AV.  F.  Denning  of  Bristol,  England.  a])|)eai'  as  follows  (  O/isf^rrafoyi/. 
Xo.  9.-,): 

lior.ai.  I)knmx(,. 

1,SS2-.S;!     !)' ;J.V' a8".4      .  1S82-.S3     9*  .J.V"  IV.IM  ;^, 

188:1-84     ll"  .■);)•■•  38'.y  LS8:i-H;     II"  ;-..V"  I)!)*.! 

The  observations  of  Prof,  llougli  were  made  witli  tlie  18',-incli  ri'fractor,  and 
those  of  Mr.  Denning  with  a  10-inch  rcHector.  From  the  obs(.'rvations  of  these 
oppositions,  Mr.  Denning  concludes  that  the  ivtrogradatiou  has  ceased ;  hut  from 
.some  observations,  made  late  in  May.  \SS.'),  I  think,  it  is  yet  doubtful. 

Dui-ing  the  years  1884-85,  the  red  spot  lost  considerably  in  redness,  csjiecially 
in  the  central  regions.  On  the  best  nights  it  now  shows  (June,  188o),  an  interior 
Avhite  oval,  surrounded  by  an  elliptic  ring  of  pale  red,  sometimes  very  dull  red,  and 
then  again  tlie  color  seems  to  lirighten  to  a  ])ink  tint.  liut  it  preserves  its  distinct 
outline  and  environment  almost  unchanged.  It  seems  to  have  formed  lor  itself  a 
peculiar  recess  or  shouhler  on  the  south  si(h-  of  the  south  equatoi-ial  belt.  Into 
this  curving  recess  it  Hts,  and  has  fitted  for  years  ]niM.  It  is  surrounded  by  a  very 
fine  white  border,  which  completely  isolates  it  from  the  belts  both  south  and  north 
of  it.  On  the  south  side  of  it  there  is  a  nai-row  and  very  variable  belt,  which  some- 
times a.ssumes  a  hue  almost  blue,  or  l)etween  blue  and  black.  This  belt  apjtroachcs 
the  spot  so  closely,  that  some  experienced  observers  in  1884  reported  the  spot  as 
joined  to   the    belt.     I  can   well    conceive,   that    with   Ioav   poAvei'S   or   with   small 
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iustrunK-iits,  oven  in  a  good  atniusphciv,  an  ol);>C'rver  should  ri'at-h  this  conchision. 
In  AjJi-il  and  May,  1885,  the  atmospheric  conditions  hcing  veiy  favorable,  1  made 
a  special  study  of  this  spot  relative  to  its  connection  with  the  contiguous  belts. 
■^Vith  a  power  of  275,  on  every  occasion,  a  clear  white  border  conkl  be  seen  i-nn- 
iiing  entirely  round  it;  but  this  border  is  perceptibly  narrower  on  the  south,  than 
on  the  north  side.  On  May  3,  after  satisfying  myself  fully  on  this  point,  I 
requested  my  son,  C.  W.  Pritchett,  Jr.  (who  has  had  much  ex])erience  in  observ- 
ing), to  scrutinize  the  environment  closely.  He  did  so,  and  at  my  reqnest,  made 
the  drawing  Xo.  1.  He  was  verj'  positive  as  t(j  the  total  separation  of  tlie  spot 
from  the  belts.  At  the  same  time  he  recognized  the  interior  white  oval,  and  the 
darkening  at  the  extreme  folloAving  end.  The  drawling,  Xo.  2,  is  a  reproduction  of 
that  published  in  the  Ohservaiory  for  January,  1879;  and  shows  the  spot  and  belt 
system  as  they  appeared  July  9,  1878.  The  changes  in  the  belt  system,  and  the 
comparative  constancy  of  the  spot,  are  shown  by  an  inspection  of  these  simple 
sketches,  better  than  by  any  description.  Sketch^Xo.  3  is  for  October  3, 1881.  It 
exhibits  not  only  the  belt  system  and  spot,  but  Satellite  I.,  and  its  shadow  in  transit. 
It  also  shows  the  needle-like  jjrojection,  to  the  preceding  end  of  sjjot,  Avhich  has 
so  often  been  observed.  It  will  lie  noted  that  the  shadow  of  the  satellite  is  pro- 
jected on  the  red  spot.  .Similar  projections  have  been  noted  several  times. 
Some  astronomers  insist  that  there  is  quite  a  difterence  in  the  darkness  of  the 
shadow  when  projected  on  the  spot,  and  on  the  zones  of  the  planet;  but  I  have 
watched  them  closely,  and  frequently,  without  being  able  to  detect  it,  even  Avhcn 
looking  expressly  for  it.  Sketch  Xo.  i  is  for  Julj'  10,  1880.  The  shadow  of  II. 
is  near  the  preceding  end  of  red  spot.  The  drawing  exhibits  an  unusual  structure 
of  the  belts.  The  note  book  says,  ''  There  seems  a  remarkable  absence  of  belts  in 
northern  and  southern  hemispheres.  The  surfoce  there  seems  more  luminous  than 
usual;  while  one  notable  white  spot  exists  in  equatorial  belt  directly  north  of  pre- 
ceding end  of  red  spot.  There  is  a  trough-like  appearance  between  the  belts 
reaching  to  the  eastern  limb.  The  mai'gin  of  northern  and  southern  limits  of  belts 
is  very  even  and  dark;  the  southern  limit  has  a  tinge  of  1)lue.  The  shoulder  or 
recess  neai"  following  end  of  red  spot  almost  obliterated."  Sketch  Xo.  5  shows 
the  appearance  of  the  belt  system,  1880,  October  1.  The  definition  Avas  exceed- 
ingly fine.  The  note  book  says  ''  The  belts  are  densely  massed  together,  and  very 
LroAAni.  The  trough  betAveen  the  tAvo  main  equatorial  belts  filled  Adth  loose  gray 
matter.  A  peculiar  cusp-like  ridge  curves  noithAvard  fi-om  near  the  folloAving  end 
of  red  spot.  The  upper  end  gathers  into  a  black  knot  like  the  shadoAv  of  a  satel- 
lite, but  smaller.  Then  a  gray  ridge-like  sha]^>e  passes  down  across  the  belts,  as 
if  a  mountain  chain  branched  oft'  from  a  black  jjeak."     Sketch  Xo.  6  is  for  1885, 
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May  10,  and  is  inti'iulod  to  shoAv  (in  contrast  witli  4  and  o)  how  numerous  the 
belts  become  on  some  fine  nights. 

These  few  sketches  have  been  selected  from  a  great  nmltitude.  Some  of  the 
minor  changes  and  omissions  which  they  reveal  are  doubtless  due  to  the  iitmos- 
pheric  conditions  under  which  we  see  the  planet;  but  the  more  notcAvorthy  are 
indications  of  the  astonishing  changes  which  take  place  on  Jupiter  himself. 

Dimensions  of  the  Bed  Spot.  Micrometer  measures  of  the  dimensions  of  the 
red  spot  have  been  often  made  at  this  Observatory.  A  mean  of  those  made 
for  the  years  1879-80,  gives  for  the  major  axis  13".6,  and  for  the  minor  3".98. 
For  several  years  these  measures  were  rejjeated  very  frequently.  Before  using 
measures  of  ditterent  dates  in  discussions  relative  to  the  constancy  of  the  spot 
and  the  persistence  of  its  dimensions,  we  must  remember  that  the  apparent  diame- 
ter of  Jupiter  is  about  10"  greater  at  his  perigee  than  at  his  apogee;  and  therefore 
angular  measiu-es  of  the  spot  made  at  diiierent  distances  must  be  reduced  to  a 
common  unit  of  distance  —  say. the  mean  distance,  Avhich  is  about  5.01.  At  the 
mean  distance  1"  subtends  at  the  center  of  the  Jovian  surface,  about  2500  miles. 
The  "Great  Ked  Spot"  therefore  extends  in  length  about  33,000  miles,  and  in 
width  more  than  8500  miles,  and  its  surface  bears  to  the  entire  surface  of  our 
globe  about  the  ratio  of  27 :  20. 

Transit  of  Spots  across  the  Jovian  Disc.  The  method  of  observing  the 
transit  of  the  red  spot  across  the  central  meridian  of  Jupiter,  as  practiced  at  the 
MoRRisox  Observatory,  is  descril^ed  in  the  Astronomische  Xachrichten,  Ko. 
2294.  The  observations  are  much  facilitated  l)y  the  peculiar  construction  of  our 
large  filar  micrometer  {Yid.  Description  of  Listrunienis).  The  transverse  thread 
is  first  placed  parallel  to  the  Jovian  equator,  and  then  one  fixed  perpendicular 
thread  is  placed  tangent  to  one  end  of  the  spot,  and  the  movable  pei-pendicular 
thread  is  made  tangent  at  the  other  end.  By  means  of  the  driving  clock,  supple- 
mented l)y  a  tangent  screw,  these  threads  are  kept  on  these  ends,  and  the  following 
times  noted.     The  times  in  every  instance  ai-e  the  means  of  several  estimates. 

1.  When  the  thread  on  end  a  bisects  the  disc. 

2.  When  the  threads  make  equal  segments  to  right  and  left  of  disc. 

3.  AVhen  the  thread  on  end  h  bisects  the  disc. 

The  mean  of  the  times  for  1  and  3  rarely  differs  more  than  one  minute  from 
the  time  of  2.  The  time  noted  for  1  is  that  for  transit  of  central  meridian  by  pre- 
ceding end;  that  of  2  is  the  transit  of  the  center  of  red  spot,  and  that  of  3  is  the 
transit  of  the  followins:  end. 
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By  this  method,  extensive  series  of  ohservations  were  made  here  during-  the 
years  1879-80-81-82.  As  these  series  were  pubhslied  IVom  lime  to  time  in  the 
difterent  volumes  of  the  Observatory,  and  of  the  Montlibj  Xotices  of  the  Koyal 
Astronomieal  Society,  they  will  not  appear  in  the  i)resent  ])ul)lieation.  A  few 
observations  made  in  the  latter  inwt  of  1882,  and  some  made  late  in  the  spring  of 
1885,  are  here  set  down,  since  they  have  not  yet  been  published.  In  1883-84,  I 
made  only  occasional  observations  of  the  red  spot.  There  were  several  reasons  for 
this.  1.  I  was  full}^  occupied  in  other  work.  2.  The  seeing  for  the  greater  part 
of  both  oppositions  was  very  poor.     3.  There  was  a  number  of  other  observers. 


TIMES   OF   TRANSIT. 


Date. 

G.  M.  T. 

G.  M.  T. 

G.M.T. 

Preceding  End. 

Sliddle. 

Fi.llowinjiEnd. 

*.         in. 

h            m 

».          m. 

1882,  Aug. 

15 

23  26.0 

" 

20 

22  36.3 

23     5.8 

" 

27 

22  50.3 

23  21.3 

23  49.3 

Sept. 

3 

23  28.3 

23  57.3 

" 

8 

22  41.3 

23  13.3 

23  44.3 

1885,  Apr. 

28 

13  54.0 

14  27.0 

May 

7 

15  55.0 

16  26.0 

"' 

10 

13  30.0 

13  59.0 

14  27.5 

" 

12 

15     9.0 

15  40.0 

" 

22 

14  21..". 

" 

31 

15  44.0 

16  15.0 

Jiiue 

10 

14  19.0 

14  51.0 

White  Spots  on  Jiqnter.  These  have  been  very  numerous  of  late  years,  and 
some  of  them  very  persistent  and  remarkable.  Beginning  July  6,  1878,  the  note 
books  of  this  Observatory  abound  with  descriptions  of  the  positions,  appearance 
and  motion  of  white  spots.  Very  few  observations,  however,  were  made  on  them 
relative  to  a  determination  of  the  axial  rotation  of  the  planet.  One  of  these  white 
spots  has  been  followed  by  Mr.  Denning,  of  Bristol,  England,  since  September, 
1880.  It  has  perpetuated  its  identity,  nnder  some  fluctuations  of  brightness,  and 
is  still  a  notable  marking  on  the  Jovian  surface.  What  is  most  remarkable  is  its 
rapid  motion  relatively  to  the  red  spot,  since  it  makes  the  entire  circuit  of  the  great 
planet,  and  passes  the  red  spot  every  -ily  days,  as  detei'mined  Ijy  Mr.  Denning. 


84 


rUULICATIOXS    OF   MOIUUSOX    OUSKKVATORY. 


From  this  sjiot  Prof.  Hough  and  Mr.  Denning"  derive  tlie  following  values  for  the 
rotation  period  of  the  planet  {Ohseri-afori/,  95). 


IIOUGU. 

1882-83     9»50-    9'.8 
188;i-8-l     9»50"'12'.7 


Denxisg. 

1882-83     9"  aO™    9'. 6 
1883-84     9"  50"'  12M 


Ditlering  from  the  rotation  period,  as  dt'terinined  by  tht'  red  spot,  nearly  i)\  min. 

The  rapidity  of  the  ehanges  in  the  white  spots  and  nuclei  on  the  northern 
edge  of  the  southern  belt  has  sometimes  led  me  to  question  whether  the  appearance 
which  we  see  is  always  i-eally  a  motion  of  ti-anslation.  I  will  select  one  instance 
out  of  many.  The  phenomenon  Avas  observed  with  great  care,  1881,  December  23. 
The  night  was  exceedingly  fine,  and  the  surface  of  the  great  planet  was  rarely 
ever  seen  under  better  conditions  of  altitude  and  atmosphere.  Every  line  and 
marking  came  out  with  a  distinctness  which  was  a  wonder  even  to  an  observer  of 
experience.  The  "Great  Red  Spot"  was  approaching  the  central  meridian  of  the 
disc,  and  I  had  begun  my  usnal  observation  of  the  transit  of  the  preceding  end, 
when  my  attention  was  directed  to  a  condensed  white  nucleus,  situated  in  the 
north  margin  of  the  great  southern  belt.  The  threads  of  the  filar  micrometer  had 
been  adjusted  to  the  rotation  axis  of  the  planet,  and  one  fixed  thread  was  placed 
on  one  extremity  of  major  axis  of  spot,  and  the  movable  thread  upon  the  other 
end,  and  these  thi-eads  wei-e  kept  in  this  position  by  the  driving  clock  and  an 
adjusting  screw. 

At  7*  7™  of  local  mean  time  the  following  end  of  i-ed  spot  and  the  bright 
nucleus  were  on  the  same  thread,  or  the  bright  spot  was  on  the  same  Jovian 
meridian  directly  north  of  the  following  end  of  red  spot.  As  it  requires  more  than 
one  hour  for  the  JoATan  rotation  to  carry  the  major  axis  of  spot  across  the  central 
meridian,  and  the  changes  in  the  relative  position  of  the  two  objects  must  take 
place  between  my  micrometer  threads,  I  had  a  very  rare  opportunity  to  compare 
even  slight  changes.  Xot  twenty  minutes  had  passed  till  I  could  see  inde- 
pendently of  the  threads  that  the  white  spot  had  a  rapid  motion  relatively  to  the 
red  spot.  It  was  so  marked,  and  proceeded  so  uniformly,  that  I  resolved  to 
measure  it  minutely.  Isly  observation  of  the  transit  closed  at  8''  10"",  and  then  I 
estimated  by  the  eye  that  the  l)right  nucleus  had  gained  on  the  following  end  of 
red  spot,  in  one  hour,  three-eighths  of  the  interval  between  my  threads.  The 
mean  of  a  number  of  careful  measures  proved  it  to  be  three  hundred  and  sixtA'-one 
thousandths  of  the  interval,  or  4".33.  The  question  now  occins:  "Was  this  a  motion 
of  translation?  If  so,  we  shall  have  to  believe  that  a  motion  can  take  place  in  the 
Jovian  atmosphere  at  the  rate  of  eight  or  ten  thousand  miles  an  hour.     As  this 
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seems  incredible,  I  prefer  to  tliink  that  tlii^;  aiig-ular  (lispiaeeiucnt  i.s  the  index  of  a 
progressive  transmission  of  Hght  tlu'ongh  h)wer  and  vai-iable  strata  of  atmosphere; 
or  else  a  part  of  an  auroral  display.  Neither  of  these  h^-jjotheses  seems  to  me 
absurd.  As  the  size  and  consistency  of  the  nucleus  seemed  to  change  slightly 
during  the  observation,  it  is  conceivable  tliat  the  effect  was  due  to  a  progressive 
transmission  of  light  through  changing  mediie.  Also,  after  witnessing  the  grand 
auroral  displaj-  of  1882,  April  16,  visible  over  a  large  part  of  Xorth  America,  I  can 
readily  conceive  that  we  might  recognize  such  a  phenomenon  on  a  gi-ander  scale^ 
on  Jupiter. 

Phenomena  of  Japiter\  Satellites.  During  the  yeai-s  1878-79-80-81,  the 
satellites  were  observed  frequently',  and  the  times  of  eclipses,  occultations  and 
transits  of  satellites  and  their  shadows,  wei-e  carefully  noted.  More  recenth> 
however,  the  claims  on  nw  time  have  prevented  this,  and  they  have  been  observed 
only  casually.  Perhaps  this  is  the  less  to  be  regretted,  as  great  improvements  in 
the  precision  of  observations  of  eclipses  of  Jupiter's  satellites  seem  to  be  promised 
by  the  method  adopted  Ijy  Prof.  Pickering,  at  Cambridge.  Essentially,  it  consists 
m  determining  by  a  photometer  their  light-curves  during  the  progress  of  an  eclipse. 
A  method  somewhat  different  is  proposed  by  M.  Cornu,  of  Paris  (Comjjfes  Rendus, 
Vol.  XC^T[.,  Xos.  23-24).  As  none  of  my  ol)servations  of  these  satellites  have 
yet  been  published  they  are  here  given. 


l):.to. 

1.  ii.i) 

II.  (ElllY.pa) 

III.  (Gany'dc) 

IV.  (Callist.i) 

Please. 

C.JI.  T. 

X..I.S. 

1S78. 

1 

Aug.   1.5 

Tr.  ing. 

Int.  contact. 

1*5  46  43 

15 

Oc.reap. 

Ex.  contact. 

16   13  4.5 

l.j 
1.5 

Sh.  ing. 

Ec.  dis. 

Int.  contact. 
Light  very  faiut. 

IG  20  12 
16  42  44 

1.5 

Ec.  dis. 

Totally  esting. 

16  44  18 

in 

Ec.  reap. 

First  seen. 

1.5  .54  56 

ThiD  cloud*. 

k; 

Ec.  reap. 

Full  brightness. 

1.5  .55  21 

111 

Ec.  reap. 

First  seen. 

14  27  22 

lU 

Ec.  reap. 

Full  brightness. 

14  28  58 

2.3 

Oc.  dis. 

Half  hid. 

14  49  10 

23 

Oc.  dis. 

Total  dis. 

14  51  .53 

23 

Sh.  ing. 

Half  on. 

15  12  22 

23 

Sh.  ing. 

Fully  on. 

15  14  20 

23 

Tr.  eg. 

Int.  contact. 

15  49  46 

23 

Tr.  eg. 

Est.  contact. 

15  56  40 

26 

Ec.  reap. 

First  seen. 

16     3     1 

26 

Ec.  reap. 

Half  brightness. 

16     3  41 

26 

1 

Ec.reap. 

Full  brightness. 

16     4  31 

30 

Tr.  ing. 

Est.  contact. 

15  42  10 

30 

Tr.  ing. 

Half  on. 

15  48  41 

30    - 

Tr.  ing. 

Fully  on. 

15  51   56 
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l.llo)           II.  ll".iir"l>:0 

III.  ((.i-.myWv) 

IV.  (Ch111s1..i                     I'll.-.. 

li.  M.    l'. 

Notes. 

ISTN. 

Ail-.   oO 

Oc.  dis. 

Ext.  contact. 

16  32     'i 

30 

Oc.  dis. 

Half  hid. 

16  36     4 

30 

Oc.  dis. 

Total  (lis. 

16  38  30 

31 

Tr.  eg. 

Int.  contact. 

If)  59     8 

31 

Tr.  eg. 

Half  off. 

16     1  43 

31 

Tr.  eg. 

Ext.  contact. 

16     5  42 

31 

Sh.  eg. 

Int.  contact. 

16  .51     4 

31 

Sh.  eg. 

Half  off. 

16  52  15 

31 

Sh.  eg. 

Total  dis. 

16  54     5 

Sept.     1 

1 

Ec.  reap.    First  appear. 
Ec.reap.    Full  brightness. 

15  11   20 
15  16  40 

2 

Oc.  dis. 

Ext.  contact. 

14  55  57 

2 

Oc.  dis. 

Half  hid. 

14  58  58 

I 

Oc.  dis. 

Total  dis. 

15     0  13 

Sii.  eg. 

Int.  contact. 

14  44  24 

4 

Sli.  eg. 

Vanished. 

14  50  28 

Seeing  not  gooil. 

10 

Ec.  dis. 

Extinguished. 

13   18  18 

10 

Ec.  reap. 

First  seen. 

16  44     3 

10 

Ec.  reap. 

Half  brightness. 

16  45  42 

10 

PjC.  reap. 

Full  brightness. 

16  47  18 

11 

Sh.  ing. 

First  appear. 

14  29  22 

11 

Sh.  ing. 

!  Half  on. 

14  33  58 

11 

Sh.  iug. 

Int.  contact. 

14  35  23 

11 

Tr.  eg. 

Int.  contact. 

15  17  41 

11 

Tr.  eg. 

Half  off. 

15  19  16 

11 

Tr.  eg. 

Ext.  contact. 

15  24  00 

16 

Tr.  eg. 

i  Half  off. 

14     5  58 

16 

Tr.  eg. 

p]xt.  contact. 

14     7  51 

18 

Tr.  ing. 

Ext.  coutact. 

14  48  51 

18 

Tr.  ing. 

Int.  coutact. 

14  54   23 

20 

Ec.  reap. 

First  seen. 

14  10  30 

20 

Ec.  reap. 

]  Full  brightness. 

14  16  17 

22 

Oc.  dis. 

Ext.  contact. 

16  27     8 

22 

Oc.  dis. 

Half  hid. 

16  28  48 

22 

Oc.  dis. 

Total  dis. 

16  33     7 

26 

Sh.  ing.      Half  on. 

15     9  56 

20 

Sh.  iug. 

P'uUy  on. 
Half  off. 

15  12  20 

Oct.       5 

Tr.  eg. 

13  38  22 

t  At  1.5li  !8in.  tlic  shadow 
I  ui  III.  waa  projected 
(   as  an  ellipse. 

5 

Tr.  eg. 

Ext.  contact. 

13  41  48 

9 

Tr.  eg. 

Int.  contact. 

14     6     7 

9 

Tr.  eg. 

• 

Half  off. 

14     9     6 

9 

Tr.  eg. 

Fully  off. 

14  13  52 

12 

Tr.  ing. 

Ext.  contact. 

13  57     9 

12 

Tr.  ing. 

:  Half  on. 

13  59  55 

12 

Tr.  ing. 

Int.  contact. 

14     3  46 

22 

Ec.  reap. 

First  seen. 

13  58  47 

PiaDet  put  out  of  field. 

22 

Ec.reap. 

Half  brightness. 

13  59  44 

22 

Ec.  reap. 

Full  brightness. 

14     0  35 

Nov.     1 

Tr.  eg. 

Int.  contact. 

14  23  47 

1 

Tr.  eg. 

Half  off. 

14  26  52 

1 

Tr.  eg. 

Ext.  contact. 

14  29  51 

2 

Ec.  reap. 

First  seen. 

13     3  31 

2 

Ec.  reap. 

Half  brightness. 

13     4     5 

2 

Ec.  reap. 

Full  brightness. 

13     5     0 

9 

Oc.  dis. 

Ext.  contact. 

11   23  24 

9 

Oc.  dis. 

Total  dis. 

11   27  49 

1« 

Ec.  reap. 

First  seen. 

11   23     8 
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Date. 

1.(1") 

II.  fEui-opa)   III.  (CiaiiyMc) 

IV.  (Calllsto) 

I'lUISU. 

Ci.  M.T. 

Xotcs. 

18TS. 

A.         m.        f. 

Nov.   18 

Ec.reap. 

Full  brightness. 

11   24  56 

1870. 

July       1 

Oc.  dis. 

Ext.  contact. 

18  11     0 

2 

Kv.  dis. 

Total  dis. 

22     5  18 

11 

Sh.  ino;. 

Half  on. 

17  51     7 

11 

Sh.  iiig. 

Fully  on. 

17  52  37 

C  Both  I.  and  II.  wilh  their 
<   FihHdowR  on  the  dine  at 
f   ISh-Jlin. 

11 

Tr.  ing. 

Est.  contact. 

17  39     7 

11 

Tr.  iug. 

Half  on. 

17  41     7 

11 

Tr.  iug. 

Fully  ou. 

17  43  37 

18 

Sh.  iug. 

Half  on. 

10  19  24 

18 

Sh.  iug. 

Fully  on. 

19  20  48 

fJt  wfts  a  beautiful  BJpht 

18 

Sh.  ing. 

Half  ou. 

19  44  42 

to  see  two  dark  shadows 

and  twu  bright  discs  nn 

<    the  surface  o*"  planet  at 

18 

Sh.  iug. 

Fully  on. 

19  45  30 

18 

Tr.  ing. 

Ext.  contact. 

19  53  39 

hcii^htencd  by  the  varic- 
[.  gallon  of  the  surface. 

18 

Tr.  iug. 

Half  on. 

19  58  19 

18 

Tr.  iug. 

Fully  on. 

19  59  48 

18 

Tr.  ing. 

Ext.  contact. 

19  59  54 

18 

Ti-.  lug. 

Half  ou. 

20     1  18 

18 

Tr.  iug. 

Fully  on. 

20     3     0 

I'J 

Oc.  reap. 

Projecting  point. 

15  17  50 

11) 

Ext.  contact. 

15  26     2 

19 

Ec.  dis. 

Half  brightness. 

16  57  40 

19 

Ec.  dis. 

Total  dis. 

16  58  30 

20 

Tr.  eg. 

Int.  contact. 

IC  40  51 

20 

Tr.  eg. 

Half  off. 

16  42  16 

20 

Tr.  eg. 

Ext.  contact. 

16  44  59 

27 

Tr.  ing. 

Ext.  contact. 

16     7  25 

27 

Sh.  ing. 

lut.  contact. 

16     7  63 

t  Satellite  and  shadow  in 
<   apparent  ext.  cuuf.,  as 
(  Jupiter  isappruach.  op. 

27 

Tr.  ing. 

Half  ou. 

16     9  .38 

27 

Tr.  ing. 

Int.  contact. 

16  12     0 

27 

Ec.  dis. 

Half  lirightness. 

16  32  54 

27 

Ec.  dis. 

Total  extiug. 

16  34  54 

27 

Ec.  dis. 

Half  brightness. 

17  44  11 

27 

Ec.  dis. 

Total  extiug. 

17  46  33 

f  At  LSh  14m  the  disc  of  I. 
<    begins  to  eiicruaeh  on 
^   its  shadow. 

27 

Sh.  eg. 

Int.  contact. 

18  20  40 

27 

Sh.  eg. 

Half  off. 

18  22     8 

27 

Tr.  eg. 

Int.  contact. 

18  23  35 

27 

Sh.  eg. 

Disappears. 

18  24  45 

27 

Tr.  eg. 

Half  off. 

18  26  13 

27 

Tr.  eg. 

Ext.  contact. 

18  28  12 

28 

Oe.reap. 

Projecting  point. 

15  40     4 

28 

Oe.  reap. 

¥.xt.  contact. 

15  41  21 

Sept.     3 

Oc.  dis. 

Ext.  contact. 

18  54  32 

3 

Oc.  dis. 

Half.  hid. 

18  56  35 

3 

Oc.  dis. 

Total  hid. 

18  57  41 

4 

Oc.  dis. 

Ext.  contact. 

15     5  44 

4 

Oc.  dis. 

Half  brightness. 

15     7  13 

4 

Oc.  dis. 

Total-hid. 

15     9  47 

'Very  near  planet.    Had 
proliably  been  visible  15 

4 
4       • 

Ec.  reap. 
Ec.  reap. 

F^irst  seen. 
Half  brightness. 

17  31  38 
17  31  44 

■     or  "JO  seconds.  Used  the 
slidt.  putting  planet  out 
.  officii. 

4 

Ec.  reap. 

17  33  12 

10 

Tr.  ing. 

Ext.  contact. 

19  34  45 

10 

Tr.  iug. 

Int.  contact. 

19  39  35 

12 

Tr.  ing. 

Ext.  contact. 

15  51  42 

12 

Tr.  ing. 

Half  on. 

15  53  57 

12 

Tr.  ing. 

Int.  contact. 

15  55  22 

12 

Tr.  eg. 

Half  off. 

16   19  42 
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II.  (Kumiw)  in.  (Gain  .k)  IV.  (Callisto) 


Sept. 


Oct. 


1-2 
1-2 
12 
i:? 
13 
20 
•20 
■21 
21 
21 
21 
21 
21 
4 
4 
4 


8 
9 
9 
9 
12 
12 
12 
12 
14 
14 
14 
14 
14 
19 
19 
19 
20 
20 
20 
20 
21 
21 
21 
21 
21 
23 
23 
23 
27 
27 
27 
28 
28 


Tr.  eg. 
8h.  eg. 
Sh.  eg. 


Ee.  reap. 
Ec.  reap. 


Oc.  tlis. 
Oc.  dis. 
Oc.  dis. 
Sli.  iiig. 
Sh.  iug. 
Tr.  eg. 
Tr.  eg. 
Tr.  es. 


ing. 
ing. 
ing. 


Tr.  ing. 
Tr.  ing. 
Tr.  ing. 


Ec.  reap. 
Ec.  reap. 
Ec.  reap. 


Sh.  eg. 
Sii.  eg. 


Oc.  dis. 
Oc.  dis. 
Oc.  dis. 


Tr.  ing. 
Tr.  iug. 
Tr.  ing. 
Sli.  ing. 
Sh.  ing. 


Ec.  reap. 
Ec.  reap, 
Ec.reap, 


dis. 
dis. 
dis. 


Ec.  dis. 


Tr. 
Tr. 
Tr. 


Ext.  contact. 
Int.  contact. 
i)is;ipiK'arance. 
Half  oir. 
Ext.  contact. 
First  scon. 
Fill!  lirightness. 
Ext.  contact. 
Half  hid. 
Total  hid. 
First  seen. 
Half  brightness 
Fnll  brightness. 
Ext.  contact. 
Half  hid. 
Total  dis. 
Half  on. 
Int.  contact. 
Int.  contact. 
Half  off. 
Ext.  contact. 
Int.  contact. 
Disa])pearance. 
Total  dis. 
l\.xt.  contact. 
Half  hid. 
Total  hid. 
Ext.  contact. 
Half  on. 
Fully  on. 
Fully  on. 
Ext.  contact. 
Half  on. 
Fully  on. 
Half  on. 
Fully  on. 
Ext.  contact. 
Half  on. 
Fully  ou. 
Fully  on. 
Int.  contact. 
Half  off. 
Disappears. 
Ext.  contact. 
Half  on. 
Fully  on. 
Half  off. 
Ext.  contact. 
First  seen. 
Half  brightness. 
Full  brightness. 
Int.  contact. 
Half  off. 
Ext.  contact. 
Ext.  contact. 
Half  on. 
Int.  contact. 


16  21  24 
IG  ."56  42 
16  3!l  42 
14  li)  14 

14  23  6 
1.5  50  33 

15  52  3 
15  36  28 
15  38  58 

15  43  59 

16  22  58 
16  23  53 
16  24  58 
16  33  14 
16  34  58 
16  37  11 
14  36  54 

14  37  36 

15  5"J  24 

16  1  24 
16  4  12 
16  33  25 
16  36  40 
15  12  45 
14  1  65 
14  5  25 

14  9  44 

15  32  28 
15  34  8 

15  35  18 

16  32  36 
14  20  18 
14  22  48 

14  24  18 
16  24  49 

16  26  12 

17  20  20 
17  21  45 
17  23  5 
12  3  18 

15  22  12 
15  24  00 
15  27  48 
11  48  24 
11  50  36 
11  51  42 
14  6  00 


14  7  42 
16  4  12 
16  4  40 
16  6  00 
14  42  54 
14  44  42 
14  48  42 
13  36  54 
13  37  48 
13  3;)  24 


(The  shadow  of  III.  at 
■  first  chuiijntod,  hut  soon 
becatiie  round ;  the  phi-- 
noincnon  resembled  the 
block  drop.  Shnrtow 
ren>aiiu-d    fur   linlf  t 


tiuiinry  near  con.,  then 
rctrograd'd  relatively  t( 
.  end  of  spot. 
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VaU: 

I. 

ii.i) 

n.(Eur(.|iii) 

lll.lliany\iel   IV.  (Callblo) 

1 

I'llilSC. 

(i.M.T. 

Xotl'S. 

187«. 

1 

».      m.       .. 

Oct.    28 

8h. 

ing. 

Half  on. 

14  .Tl   48 

28 

Sh. 

ino-. 

Int.  contact. 

14  52  42 

29 

Ec. 

reap. 

First  seen. 

14  26     6 

21) 

Ec. 

reap. 

Half  lirigiitness. 

14  26  26 

29 

Ec. 

reap. 

Full  brightness. 

14  27     7 

30 

Sh. 

eg- 

Fully  off. 

11   35   18 

Nov.   a 

Oc. 
Oc. 

(lis. 
dis. 

Ext.  contact. 
Half  hid. 

12  46     1 
12  47  50 

5 

Oc. 

dis. 

Tot.  hid. 

12  50  53 

5 

Ec. 

reap. 

First  seen. 

16  22  13 

f) 

Ec. 

reap. 

Half  l)riglituess. 

16  22  43 

5 

Ec. 

reap. 

Full  brightness. 

16  23  28 

6 

Tr. 

eg. 

Int.  contact. 

12  13  10 

6 

Tr. 

eg. 

Half  off. 

12   15     8 

6 

Tr. 

eg. 

Ext.  contact. 

12  16  12 

6 

Sh. 

eg- 

Int.  contact. 

13  27  40 

C 

Sh. 

eg- 

Fully  off. 

13  30  40 

G 

Oc.  dis. 

Ext.  contact. 

15  54  55 

6 

Oc.  dis. 

Half  hid. 

15  57  40 

6 

Oc.  dis. 

Tot.  hid. 

15  59  55 

7 

Ec.  reap. 

First  seen. 

13  20  38 

7 

Ec.  reap. 

Half  brightness. 

13  21  33 

7 

Ec.  reap. 

Full  brightness. 

13  22  26 

12 

Oc 

dis. 

Ext.  contact. 

14  42  18 

12 

Oc 

dis. 

Half  hid. 

14  42  58 

12 

Oc 

dis. 

Tot.  hid. 

14  44  24 

U 

Oc.  reap. 

P^xt.  contact. 

12  13  18 

Uncertain  on  account  of 

U 

Ec. 

reap. 

Half  brightness. 

12  47  47 

First  appearance  not  not'd 
on  account  of  clouds. 

14 

Ec. 

reap. 

Full  brightness. 

12  48  25 

21 

Oc.  dis. 

Ext.  contact. 

12  32     8 

21 

Oc.  dis. 

Half  hid. 

12  34  44 

21 

Oc.  dis. 

Tot.  hid. 

12  39  18 

21 

Ec. 

reap. 

First  seen. 

14  42  23 

Very  light  clouds. 

21 

Ec. 

reap. 

Full  brightness. 

14  43  32 

29 

Tr. 

eg. 

Half  off. 

12  26     3 

29 

Tr. 

eg. 

Ext.  contact. 

12  27  48 

Dec.     C 

Sh.  eg. 

Int.  contact. 

12  39  38 

6 

i  'Sh.  eg. 

Total  disap. 

12  43  18 

1880. 

i 

Jan.      8 

Transit. 

Central  nierid. 

13  10  48 

Satellite  vcrr  dark. 
rSh.  of  m.  almost  center 
i    of  red  spot.    Sh.  Mack, 
L  as  on  zones  of  planet. 
Shadow  near  edge  of  spot, 

14 

Sh. 

12  53  18 

14 

Sh. 

13  22  18 

Feb.     5 

Sh. 

11  36  00 

{s.p.). 
Shadow  just  oiTprec.  end 

July   10 

Sh. 

21     6  00 

of  red  spot. 
Shadow  near  prcc.  end  of 
red  spot. 

19 

Oc.  reap. 

Proieetiug  point. 

22  26  33 

19 

Oc.  reap. 

Half  off. 

22  27  38 

•  19 

Oc.  reap. 

Ext.  contact. 

22  29  56 

Sept.    3 

Oc.  reap. 

Half  off. 

16  47  13 

3 

Oc.reap. 

Ext.  contact. 

16  49     3 

t> 

Sh.  ing. 

Half  on. 

16  16     0 

i> 

Sh.  ing. 

Fully  on. 

16  17  42 

CThe  shadow  of  I.  passed 

5 

Tr. 

ing. 

Ext.  contact. 

22  21  18 

;   along  the  narrow  strip 
\   of  light,  north  of  red 

5 

Tr. 

ing. 

Half  on. 

22  23     8 

I,  spot,  nearly  filling  it. 

5 

Tr. 

ing. 

Fully  on. 

22  24  18 

15 

Ec 

dis. 

Tot."  ext. 

15  10  48 

23 

Tr. 

ing. 

Ext.  contact. 

14  40  35 

23 

Tr. 

ing. 

!                   i  Half  on. 

14  42  .33 

0(1 


rrm.K  ATioNs  ok  moimmson  ohskkvatoky. 


lUIo. 

1.(10) 

n.  (Knlopn)    III.  (GansMio'  IV.  (Calllslol 

riiase. 

G.  M.  T. 

Notes. 

ItiSO. 

«.      m.      a. 

Sept.  23 

Tr.  ing. 

Fully  on. 

14  44  18 

23 

Tr.  eg. 

Int.  contact. 

16  50  33 

23 

Tr.  eg. 

Half  otT. 

IG  SI  48 

23 

'lY.  eg. 

Ext.  contact. 

16  53   18 

28 

Tr.  ing. 

Ext.  contact. 

14  3.5  57 

28 

Tr.  iug. 

Half  on. 

14  40  12 

28 

Tr.  ing. 

Fully  on. 

14  42  42 

Oct.      1 

Oc.  reap. 

Projecting  point. 

15  46  20 

1 

Oc.  reap. 

Half  off.    . 

15  46  .55 

1 

Oc.  reap. 

j 

FuUv  off. 

15  47  55 

5 

1  Sh.  ing. 

Half  on. 

17  34  54 

Shadow  in  appRrent  con- 
tact with  Batcllitc. 

5 

Sh.  ing. 

Fully  on. 

17  38  36 

5 

Tr.  iug. 

Ext.  contact. 

17  47  54 

5 

Tr.  ing. 

Half  on. 

17  54  54 

5- 

,  Tr.  ing. 

Fully  on. 

18     4  24 

8 

Oc.  dis. 

Ext.  contact. 

15  17  54 

8 

Oc.  dis. 

Half  on. 

15  19  54 

8 
9 

Oc.  dis. 
Tr.  eg. 

Tot.  hid. 
Ext.  contact. 

15  21   54 
14  43  36 

9 

Tr.  ee. 

Half  on. 

14  46  24 

9 

Tr.  eg. 

Ext.  contact. 

14  48  24 

9 

Sh.  eg. 

Half  off. 

14  49  54 

9 

Sh.  eg. 

Disappears. 

14  52  24 

23 

Oc.  dis. 

Ext.  contact. 

13  40  48 

23 

Oc.  dis. 

Half  hid. 

13  44  42 

23 

Oc.  dis. 

Tot.  hid. 

13  51  42 

23 

Oc.  dis. 

Ext.  contact. 

15     5  30 

23 

Oc.  dis. 

Half  hid. 

15     8     6 

23 

Oc.  dis. 

Tot.  hid. 

15  10  42 

23 

Tr.  ing. 

Ext.  contact. 

16     1   24 

23 

Tr.  iug. 

Half  on. 

16     4  12 

23 

Tr.  ing. 

Fully  on. 

16     5  24 

24 

Ec.  reap. 

First  seen. 

15  52  23 

31 

Oc.  dis. 

Ext.  coutact. 

14  58  .56 

31 

Oc.  dis. 

Fully  hid. 

15     1  26 

Dec.     1 

8h.  ing. 

Half  on. 

15     1  30 

1 

Sh.  ing. 

Int.  coutact. 

15     2  24 

2 

Ec.  reap. 

First  seen. 

14  29     7 

2 

Full  brightness. 

14  29  50 

1881. 

Jan.     1 

Oc.  dis. 

Half  on  . 

14  10  24 

1 

Oc.  dis. 

Tot.  hid. 

14  11  46 

Aug.    2 

Tr.  ing. 

Half  on. 

22  35  43 

2 

Tr.  ing. 

Fully  on. 

22  37  .38 

1«82. 

1 

Fel).  28 

Oc.  dis. 

Ext.  contact. 

13  32     8 

28 

Oc.  dis. 

Il.ilf  hid. 

13  35  48 

28 

Oc.  dis. 

Fully  hid. 

13  37  43 

OccaUatioii,  hy  Japifir  of  the  Fixi^d  Sfat;  4  (Tf^iiiiiwruiii,,  Muynitidle  7.     The 
place  of  thi.s  star  is  well  determined,  and  i.s  gi\tii  in  the  following  catalogues: 


BesseVs  BrufUey  No.      895  Pinzzi 

La  Ifi.nde  11679  A  rmagh 

Greenu-kh  7  Year  Cataloyue,  788. 


V"- 


-  344 
1387 
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1SS2,  November  7.  Tlu'  iiiia<;\s  of  both  JupiUr  and  star  were  very  steady 
and  sharp.  As  Jupiter  was  retrograding,  the  occultation  (immersion)  occurred  on 
the  -western  side  of  the  phinet,  and  at  the  nortli  IkmiIci'  of  tlie  south  equatorial  belt, 
or  rather  between  the  north  Ijorder  and  middle.  'I'lic  appioacli  of  the  margin  of 
the  disc  to  the  star  was  watched  for  more  than  one  lu>ni-.  At  11*  28""  10'.65, 
L.M.T.,  the  star  seemed  for  a  moment  to  disappear,  l)nt  was  plainly  seen  a  moment 
later.  It  was  then  within  the  comparatively  dark  ontlini'  ol'  the  disc,  and  there 
seemed  a  well  defined  notch  in  the  otherwise  continuous  and  even  maigin  of  the 
disc.  This  notch  continued  4:(?.2(j,  when  it  vanished,  and  the  light  of  the  star  was 
entirely  extinguished  at  ll*  28"'  oO'.Ol,  of  local  mean  time.     Power  used  200. 


THK    PLAXKT    SATIRX. 

During  the  years  1870-77-78-79-80,  extended  series  of  observations  were 
made  at  the  Mokkisox  Obsekvatoky,  of  the  conjunctions  of  the  satellites  of 
Saturn  with  the  ends  of  the  ring,  and  with  the  edge  of  the  ball.  These  obser- 
vations wei'e  instituted  at  tlie  instance  of  Mr.  All)ert  Marth,  of  England,  who  foi-  a 
nnmber  of  jears  has  pul)lished  very  full  and  valuable  ephemerides  for  facilitating 
observations  of  satellites,  and  of  physical  phenomena  on  the  planets  J/r/y.s,  JnpiUr, 
Saturn,  Lranxs  and  y^cptinie.  As  these  observations  Avere  published  from  year  to 
year  in  the  Astronomificlie  ^^achrichten,  they  are  not  repeated  in  this  publication 
{vide  A.  K.  2131-2189-2264-2314).  In  1880-81  press  of  other  work  curtailed  the 
observations  of  these  conjunctions,  and  they  were  onlv  observed  at  intervals. 
These  somewhat  casual  oljservations  not  having  been  hitherto  pid)]ished,  are  here 
inserted.  The  abbreviations  nf,  up,  sf  and  sp,  refer  to  the  quadrants  in  which 
the  observation  was  made,  viz:  north  following,  north  ])receding,  south  following, 
and  south  preceding. 


I):it.-.                                           S;lU-llllc. 

yuadianl. 

In  conjunct'n  witli. 

G.  M.  T. 

Re-marks. 

1880,  Sept 

4 
5 

Tethys 
Tethvs 

sf 
np 

Ring 
Riug 

17  5"'g 
16  35 

a 
5 
9 

Teth.  &Miiii.  (?) 
Teth.  &  Mini.  (  ?) 
Dione 

sp 
sp 

sf 

Each  other 

Each  other 

Ring 

17  48 

18  6 
15  51.9 

Tethys  north  of  Mimas  (?) 
/-Tethys  noio  west  of  Mimas 
<    was  movitif!  ill  towards  c 
L  sp.    Bnctladu4  0ha.,'atai 

(?(,  which 
lid  of  ring 

10 

Dione 

uf 

Ring 

17     2.1 

Fast  end  of  ring,  Sm  orlOm 

10 

Rhea 

up 

Ring 

22  46 

16 

Tethvs 

np 

Ring 

17  26 

23 

Tethvs 

sf 

Ring 

14  52 

1880,  Oct. 

3 

9 

9 

Tethys 
Tethys 
Tethvs  &  Rhea. 

nf 
nf 
uf 

Ring 

Ring 

Each  other 

16  17 
15  44 
15  50.5 
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in  HI.K  ATIONS    OF    MOlJjasON    OiJtSKllVATOKY. 


^„„„„,. 

(^^Hl,;,Hl. 

li. •marks. 

1880,  Oct. 

11 

Tethvs 

nf 

Ball 

14  49.9 

28 

Khen 

sf 

Rino- 

14  3.T.9 

•23 

Kiiei'hulus 

uf 

Ring 

16  22.0 

Just  imst. 

31 

Dioiie 

sf 

King 

15  1.5.4 

1880.  Nov 

1 

Uhea 

sf 

King 

1.5  27.0 

Barely  past. 

1 

Dioiie  &  l\lie:i 

nf  and  sf 

Each  other 

1.5  46.0 

In  same  iicrpeiulicular  to  ring.                 | 

1 

Dioiie 

nf 

Ring 

16     2.4 

6 

EiH'eladus 

np 

King 

1.5  30.0 

C, 

Tethvs 

nf 

Ring 

15  39.0 

11 

Telhvs 

sf 

liall 

14  18.6 

13 

Tethj's 

sf 

Ring 

13  32.4 

13 

Mimas  (?) 

sp 

Ring 

14     .S.O 

Em-cta/fi")  wus  iilninly  in  v' 

■wiilso, 

26 

Dione 

up 

Ring 

15     2.0 

1880,  Dec. 

11 

Dioiie 

sf 

King- 

16   12.0 

14 

Tetlivs 

np 

King 

17     S.O 

14 

Eneehulus 

nf 

Ring 

17  IM.O 

1881.  Jau. 

1 

Tcthys 

sf 

Ball 

13  22.3 

1 

Mimas  {  ?) 

west 

13  26.0 

Xcar  west  dons.,  al>uut  11"  f 

■..mend  of 

1 

Mimas  ( ?) 

west 

14     3.0 

Lust  near  contact  with  ring 

1 

Tethvs 

sf 

Ring 

15  41.0 

MisceUaiieous  Observations  of  Satf/lifes,  Position,  Angle,  and  Distance  from 
center  of  Saturn.  1878,  Sept.  22,  Titan  near  inferior  conjunction,  north  of 
planet,  and  distant  (I)y  estimation)  fi'oni  edge  of  l)all  1".5.  Mean  of  eight  double 
measiu-e.s  of  Titans  distance  from  east  end  of  ring  19".58  at  15*  24:'".5,  Cx.M.T. 

Titan  midway  l)etweeu  the  tangent  threads,  and  in  apparent  contact  with  the 
ball,  at  KJ*  l-t"'.?,  G.M.T.  (inf.  coiij.).     Mean  of  thirteen  comparisons. 

Titan,  north  of  planet,  and  distant  from  the  edge  of  ])all  1".7.  Measures  from 
the  west  end  of  ring:  19".21:,  at  17''  27'".4,  G.M.T.     Mean  of  four  double  measui-es. 


MISCELLANEOUS   OBSERVATIONS   OF   SATELLITES.  —  POSITION-ANGLE   AND   DIST.VNCE. 


Date. 

Satellite. 

Direction.       |         p 

G.  M.T. 

» 

U.  -M.  T. 

KeiiuirliS. 

18 

'8.  Sept 

28 

Enceladus 

Westward  i  269.83 

16     8.4 

38"48 

15  46;0 

Near  western  elongation. 

18 

'8,  Oft. 

2 

Tethvs 

Westward  1  273.75 

15  58.0 

46.56 

15  45.4 

5 

Enceladus 

Westward  1  273.7JD 

14  56.2 

35.65 

14  59.0 

9 

Enceladus 

AVestward-  266.34 

14  58.9 

38.17 

14  52.2 

11 

Japetus 

Northw'd 

86.53 

14  12.0 

Very  near  inferior  conjunction. 

11 

Dioue 

Westward 

272.50 

16  20.9 

60.17 

16  38.7 

11 

Enceladus 

Eastward 

87.00 

16  58.9 

36.91 

16  68.9 

18 

Tethys 

Eastward 

96.50 

14  43.2 

41.52 

14  42.0 

19 

Dioue 

Westward 

275.75 

16  23.9 

51.70 

16  15.3 

19 

Tethys 

AVestward 

274.83 

16  .54.0 

47.24 

16  41.4 

22 

Dioue 

AVestward 

273.71 

15   17.3 

53.95 

15  37.3 

29 

Enceladus 

Eastward 

94.17 

14  13.5 

33.67 

14  16.1 

29 

Dione 

Eastward 

94.17 

54  96 

14  26.0 

In  direction  of  Encetittlns. 

31 

Titan 

AA^estward 

265.78 

13  12.5 

44.90 

13     9.6 

Titan  approaching  the  l>all. 
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r)atc. 

SHlellitc. 

iJilLl-tion. 

;.                (i.M.T. 

' 

G.  M.  r. 

Keiiiarks. 

1878,  Oct. 

31 

Euceladus 

Westward 

273.27 

13  22.9 

38"ll 

13  SoT'o 

31 

Rhea 

Eastward 

99.77 

13  46.0 

33.25 

13  47.0 

1878,  Nov 

1 

Titan 

Eastward 

10.^).0G 

12  38.2 

29.11 

12  41.3 

Titan  recently  occulted. 

" 

1 

Rhea 

Eiastward 

93.58 

15  16.0 

79.49 

15  17.8 

'« 

1 

Ti.andDi. 

N.  &  S. 

7.37 

14  56.9 

Tilan  SUIItll  of  Diune. 

>' 

4 

Rhea 

Westward 

2GC.97 

13  29.6 

27.73 

13  30.9 

" 

4 

Tethys 

P>astward 

96.97 

14  21.4 

41.24 

14  19.6 

" 

7 

Dione 

Westward 

276.39 

15  42.4 

35.89 

15  39.7 

.' 

7 

Tethj's 

Westward 

27;). 14 

16  11.0 

43.83 

16     4.8 

'. 

8 

Titan 

Eastward 

89.96 

15  36.0 

55.91 

15  39.5 

It 

'.) 

Titan 

AVestward 

3().j.92 

12  13.3 

Seen  an  a  projecting  point. 
Point  of  egress  f^oni  transit. 

" 

9 

Titan 

Westward 

12  24.0 

Fully  off  the  ball. 

" 

11 

Tethvs 

Westward 

272.12 

15  22.5 

25.80 

15  25.9 

'' 

17 

Titan 

Eastward 

lOl.oO 

15  39.8 

42.80 

15  41.7 

't 

17 

Dione 

Eastward 

94.87 

16     5.1 

57.21 

16     6.1 

" 

18 

Titan 

P^astward 

96.32 

14   12.8 

106.18 

14  15.54 

18 

Rhea 

Eastward 

98.78 

14  40.6 

27.69 

14  36.6 

18 

Dione 

Westward 

274.09 

15     1.4 

38.74 

15     3.2 

18 

Japetus 

Southw'd 

216.92 

15  15.9 

99.90 

15  16.0 

.\pproaching  superior  conjunction. 

22 

Rhea 

Westward 

269.47 

13  26.5 

34.03 

13  30.1 

•!■ 

22 

Tethys 

Westward 

274. .58 

14  12.9 

42.56 

14  16.6 

.' 

22 

Enceladus 

A\^estward 

272.92 

14  27.0 

32.11 

14  32.9 

22 

Dione 

Eastward 

97.92 

14  49.0 

26.69 

14  51.8 

27 

Tethys 

Eastward 

9.5.67 

12  54.6 

39.52 

12  57.8 

27 

Dione 

Westward 

274.17 

13  36.0 

39.74 

13  24.6 

27 

Titan 

Westward 

273.78 

13  49.5 

141.92 

13  51.1 

•2S 

Dione 

Eastward 

9.5.28 

14  37.0 

55.96 

14  42.82 

ii 

28 

Rhea 

Eastward 

95.30 

14  52.1 

78.00 

14  57.68 

'1 

28 

Tethys 

Westward 

271.42 

15     9.2 

26.66 

15   10.00 

1878,  Dec 

4 

Dione 

Eastward 

92.27 

11   10.5 

28.24 

11   23.10 

" 

4 

Rhea 

Westward 

275.91 

12  25.0 

36.16 

12  29.1 

4 

Titan 

Eastward 

96.89 

12  54.2 

102.59 

12  52.3    i 

MISCELLANEOUS   OBSERV.\TIOXS   OF   SATELLITES. 

(Transit  Differences  on  Chronograph,  betwekn-  the  center  of  SAxrRN  and  Satellites.   The  Transit  of  the  center  is  the 

Mean  of  Transit  of  the  Limbs  of  the  Ball.    The  .Micrometer  was  carefclly  ad.usted  to  the  Durn.vl  Motion.  ) 


Distance. 

Date. 

SalL-lllti.-. 

Direcfn  from  Center. 

Jia 

J<i 

1878,  Nov 

7 

Titan 

Following 

7*94 

" 

16  45.3 

9 

7 

Rhea 

Preceding 

4.18 

16  50.2 

6 

7 

Dione 

Preceding 

2.78 

16  52.9 

8 

8 

Titan 

Following 

3.84 

M 

15     3.7 

0 

8 

Rhea 

Precedinsi 

4.48 

15     6.6 

a 

11 

Titan 

Preceding 

9.73 

15  48.1 

o 

- 

11 

Tethys 

Preceding 

1.55 

15  51.0 

0 

11 

Dione 

Following 

1.62 

15  52.2 

i) 

13 

Titan 

So.  preceding 

11.94 

11.00 

13  58.8 

a 

13 

Rhea 

Precedes 

1.76 

0.00 

14     5.3 

a 

13 

Dione 

Precedes,  s. 

3.76 

4.36 

14  11.3 

0 

13 

Enceladus 

Following,  u. 

2.33 

1.97 

14  31.7 

6 

21 

Titan 

Followino,  s. 

12.66 

13.77 

15  23.6 

4 

21 

Rhea 

No.  preceding 

5.27 

5.13 

15  28.8 

4 
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DistHlice. 

in 

J, 5 

(   ,.l„l.^. 

1878,  Nov. 

21 

Tethvs 

So.  following 

3.03 

4"53 

15  38.5 

5 

21 

Dione 

No.  precedino; 

3.67 

7.46 

15  33.9 

5 

" 

•J:5 

Titan 

So.  foUowino; 

7.74 

4.96 

15     4.9 

4 

•11 

TiUvii 

No.  preceding 

9.5") 

10.32 

14  46.0 

4 

•J  7 

Dione 

Preceding 

2.21 

0.00 

14  51.0 

4 

■27 

Tethvs 

So.  following 

2.12 

2.28 

14  54.1 

6 

27 

Rhea 

So.  following 

1.69 

4.30 

15  24.5 

5 

187y.  Juu. 

25 

Titan 

So.  following 

9.80 

3.23 

13  44.7 

6 

>' 

2;5 

Hhea  ( ?) 

So.  following 

2.75 

5.02 

13  54.8 

8 

187'.i.  Feb. 

1 

Titan 

So.  preceding 

10.43 

6.01 

15  47.2 

6 

1 

1  Diono  (  ?) 

No.  preceding 

3.62 

5.90 

13  58.4 

5 

■"' 

'l"it:iii 

So.  preceding 

5.77 

1.2 

l.S     G..". 

(! 

Di)iK'iif^l())i^  (if  S((t  1(1-11  (I lid  of  his  Outer  liliKj.  In  1878-79  a  f'rw  nK'a.sure.s  of 
the  major  a.xis  of  the  outer  ring-,  its  position  ang-le,  and  tlie  equatorial  diameter  of 
the  hall,  were  made,  not  at  all  to  be  set  forth  as  authoritative,  but  simply  to  try 
how  nearly  careful  filar  micrometer  measures,  made  under  favorable  conditions, 
would  conform  to  those  made  with  the  heliometer,  or  Avith  double  image  microme- 
ters. As  Bessers  measures  have  priorit}',  and  have  for  many  years  been  considered 
the  standard  authority  on  the  dimensions  of  the  Satui-nian  system,  and  since  these 
were  reduced  to  the  mean  distance  of  Saturn  IVom  the  sun,  I  have  reduced  mine  to 
the  same  distance.  Assuming 'the  mean  distance  to  be  9.;")3885,  the  actual  and 
reduced  measures  stands  thus  — 


Hale. 

G.  SI.  T. 

Oilier  Hln-. 
Act.  .Meas. 

Outer  Rinp^. 
Reduced. 

Pos.  Angle 

No.Ohs. 

Weight 

Eq.  Diani., 
Act.  Meas. 

E(].  Diani., 
Reduced. 

No.Ohs, 

R.uiarks, 

1878,  Oct.  18 

14.*4 

44.248 

40"086 

93.70 

7 

4 

" 

" 

Scale  of  weights  from 

"            19 

15.3 

43.617 

39.551 

94.02 

7 

4 

20.237 

18.350 

4 

22 

14.2 

44.923 

40.851 

94.68 

6 

4 

19.370 

17.841 

4 

1878,  Dec.    4 

15.3 

41.540 

40.240 

95.89 

8 

5 

t^' 

1879,  Feb.    7 

13.0 

36.800 

39.412 

4 

4 

16.72 

17.907 

3 

Means 

40.028 

18.0.33 

BessePs  value  for  the  major  axis  of  the  outer  ring,  at  the  sun's  mean  distance, 
is  39".311 ;  and  for  the  equatorial  diameter  of  the  ball  17".053.  I  have  not  the 
records  at  hand,  but  T  learn  that  Struve's  value  is  about  1"  greater  than  these,  and 
that  those  of  Encke  and  Galle  are  still  a  little  greater.  The  measures  given  in  the 
table  are  probably  intermediate  between  the  heliometer  measures  of  Bessel  and  the 
later  measures  of  Encke  and  Galle. 


SATURN. 
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Ob.servatioits  on  the  Riiuj.-i  at  Disappearance  in  1S7S.  .Vs  is  now  wfll  known, 
the  rings  of  Saturn  tAvit-e  disappear  dnriny  the  29..)  yoai-s  in  whicli  lie  i)c'rforins  his 
journey  round  the  sun.  To  tlie  early  astronomers,  using-  the  telescope,  this  disaj)- 
peai'anee  Avas  a  soui'ce  of  great  pei-plexity.  Galileo  Avas  one  of  tlie  first  to  notice 
the  ])lu'noraenon.  lie  had  ibr  scAi'ral  3'ears  observed  Satnrn,  considering  it  tri- 
form, that  is  a  globe,  AA'ith  tAvo  smaller  ones  attached;  and  Avhen,  in  1612,  he  saAV 
only  a  single  round  globe,  he  AA'as  much  chagrined,  supposing  that  he  had  been 
imposed  on  by  some  optical  illusion.  Iluyghens,  Avatching  the  disa])pearance  in 
1665,  and  the  reappearance  in  the  autunm  of  the  same  year,  AA^as  led  to  a  proper 
conception  of  the  i)henomenon,  aaIucIi  he  annomiced  to  astronomers  under  a 
famous  combination  of  letters.  The  letters  of  the  combination  (recording  and  yet 
hiding  his  discoA'ery),  Avhen  ])r()perly  ai-ranged,  giA'e  this  sentence  — 

■•  AitiDiki   r(^i)(/itni\    /('iiin\   iiIkiki    hhkijiiiihi    cuhd'rciili'.    ml   (■rlij)ti'r<(,i,    ii,,-!iiiitto." 

atfording  a  description  at  once  accurate  and  complete. 

The  disappearance,  in  February,  1878,  AA'as  AA'atched  at  the  Mokiusox  Observa- 
tory Avith  great  care,  and  as  definite  oI)serAations  of  the  ai)peai-ance  presented, 
Avere  made  from  night  to  night,  as  the  Ioaa'  altitude  of  the  planet  in  the  south- 
AA^estei-n  sky  alloAAed.  The  folloAAing  notes  and  sketches  are  copied  from  the 
oIiserA'ing  books. 

1878,  February  3,  7*  30"',  L.M.T.  Seeing  A'ery  fine.  Examined  Saturn's  ring 
very  carefully  for  half  an  hour.  Tlie  ring  seems  projected  across  the  disc  or  ball,^ 
as  a  very  fine,  sharp  line.  The  extensions  on  each  side  of  the  Ijall  toAvards  the 
ansai  form  a  Acry  fine  continuous  Avhite  line.  The  two  extensions  about  equally 
bright,  except  that  immediately  at  the  ansa  on  west  (following)  side;  the  light 
broadened,  so  much  so,  that  (having  no  e2)heraeris  of  the  satellites)  I  was  in  doubt 
Avhethei-  the  appearance  Avas  not  due  to  a  satellite  {Tethys  or  Enceladas)  in 
apparent  contact  with  the  end  of  the  ring.  The  compression  of  the  ball  unusually 
manifest.  Dusky  bands  very  plain.  Figiu-e  1  shows  the  projection  of  the  ring  in 
the  field  of  the  telescope.     The  three  satellites  are  in  their  relative  position. 

1878,  February  4,  6''  30"'.  L.M.T.  For  about  tAventy  minutes,  a  break  in  the 
clouds  gave  opportunity  for  a  very  satisfactory  vieAv  of  Saturn  and  his  ring.  See- 
ing moderateh'  good  for  about  ten  minutes.  Across  the  ball  the  I'ing  is  still  seen 
very  sharply  projected.  The  ends  toAvards  the  ansa^  still  very  fine  Avhite  lines.  At 
some  moments'tliese  parts  of  the  ring  seemed  to  form  an  irregulai-*  series  of  dis- 
continuous bright  short  lines.     Onlv  tAVo  satellites  recognized.     The  dusky  bands 
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of  Saturn  vorv  distinct.  Tlie  conipi-ession  iinusually  obvious  witliout  measures. 
Along-  the  -whole  southern  edge  of  the  disc  I  noticed  a  dark  fringe,  some-what 
irreguhir  in  outlini'. 

.  1878,  Febnuirv  .").  (>''  21",  L.M.T.  Observed  Saturn  and  the  remnant  of  his 
ring- for  half  an  hour.  Seeing- very  poor,  although  entii-ely  clear.  The  projection 
of  the  ring  on  the  l)all  could  be  faintly  seen,  though  not  constantl}'.  On  the  preced- 
ing side,  the  edgi'  of  the  ring  could  only  be  seen  near  the  disc  of  the  planet.  On 
the  following-  side,  the  edge  could  be  faintly  recognized,  the  low  altitude  and  poor 
seeing-  gi\'ing-  the  impression  of  scintillations  of  light  from  discontinuous  points. 
Three  satellites  in  \iew,  as  in  Figure  3.  As  the  oljject  glass  faced  a  strong  south- 
west wind,  and  the  axis  of  the  telescoi)e  was  nt-arly  horizontal,  I  could  barely 
distinguish  whether  one  of  the  satellites  was  not  the  ansa  oi"  the  ring  on  the 
following-  side.  I  am  ([uite  sure,  however,  it  was  a  satellite.  The  compression 
Avas  still  very  marked.     Seeing  miserably  poor. 

1878,  February  G,  7'',  L.M.T.  Observed  the  ring  of  Saturn.  Hazy  in  south- 
west, and  since  the  ])lanet  was  near  the  hoi-izon  the  view  was  inisatisfactor}'.  The 
projection  of  the  ring  on  the  ball  very  fointly  and  inconstantly  seen.  On  the 
following-  side  I  could  detect  no  trace  of  the  ring,  excejjt  near  the  ansa.  Here, 
Avhen  the  planet  was  out  of  the  iield,  I  could  just  catch  an  inconstant,  laint  gleam 
of  light.  On  the  preceding  side,  when  the  planet  was  out  of  the  field  (or  rather 
occulted  by  a  slide),  a  series  of  discomiected  points  was  several  times  faintly 
recognized,  the  light  seeming  to  l)roadt'u  out  near  the  ansa.  The  great  planet 
seemed  entirely  despoiled  of  his  glory  and  Ijeauty.  Only  one  satellite  could  be 
seen,  Titan  slowly  receding-  from  his  eastern  elongation.* 

The  apparent  colors  of  Saturn  and  Mars,  as  seen  at  their  near  approach, 
1879,  June  29-30.  [From  a  letter  to  the  Asti-onomei-  Royal,  Sir  George  B.  Airy, 
Monthly  Xotices,  Yol.  XXXIX.] . 

"  1879,  June  29,  U*.5-lo*,  L.M.T.  Spent  some  time  in  looking  at  the  planets 
Saturn  and  Mars  in  their  very  near  ajjproacli.  In  the  tinder  both  appeared  at 
once  —  Mars  with  his  usual  ruddy  glow,  and  Saturn  tinged  with  a  greenish  hue, 
which  was  more  and  more  manifested  to  be  in  a  great  part  subjective,  or  the  effect 
of  contrast.  In  the  large  telescope,  with  a  micrometer  eye-piece  of  150,  they  could 
not  both  l)e  seen  at  once.  A  separate  examination  showed  Saturn  with  his  ring 
very  distinct,  three  satellites  east  and  south,  and  one  north  and  west.  3Iars  was 
gibbous  and  well  defined,  Avith  his  fiery  red  glare  on  the  illuminated  side,  and  a 

■  After  fchruary  G,  no  observations  could  Ije  oWalne  1,  tlie  planet  liein;,'  near  horizon,  and  weather  unfavorable. 
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tinge  of  green  on  the  defective  linil).  Always  after  looking  at  Mars  for  some 
minutes,  when  the  eye  was  newly  turned  on  Saturn,  a  reddish  tinge  was  observed, 
which  gradually  disappeared,  showing  (I  think)  that  the  overmastering  power  of 
the  light  of  Mars  caused  such  an  inijjression  on  the  optic  nerve  as  to  last  long 
enough  to  produce  a  pinely  subjective  eflfeet. 

Xext,  a  loAV  power  eye-piece  of  oO  Avas  screwed  into  the  tube,  and  both  planets 
were  readily  brought  into  the  same  field.  The  effect  of  coloi-s  then  became  more 
apparent.  The  illuminated  surface  of  Mars  was  clearly  defined  and  ruddy,  while 
Saturn  showed  his  usual  dull  white  light;  biit  whenever  the  e3'e  passed  rapidly 
from  Mars  to  Saturn,  the  latter  (especially  near  the  center  of  the  disc)  always 
showed,  for  a  few  seconds,  a  decidedly  reddish  tint.  It  was  a  rare  and  grand  sight 
to  have  both  these  planets  in  the  same  field  with  a  fine  objective  of  12^  inches,  and 
I  parted  from  the  view  with  reluctance,  as  one  I  may  never  have  again.  The 
planets  were  afterward  examined  under  an  eye-piece  of  275.  As  the  morning  was 
fine,  they  presented  a  splendid  ajjpearance.  They  were  now  so  far  out  of  the 
field  as  to  produce  no  subjective  effect,  as  before.  Xo  measures  were  attemjjted. 
Arrangements  were  made  to  examine  the  planets  on  tlie  morning  of  June  30 
(astronomical  time).  l:)ut  clouds  ])revented. 


FIGIUE    AND   DIMEXSIOXS   OF   URAXL'S. 

In  1877,  I  made  a  few  measures  of  the  diameters  of  Uranus,  rather  as  a 
practice  in  measuring  planetary  discs  with  a  filar  micrometer,  than  with  the 
expectation  -of  a  very  consistent  and  accurate  result.  The  measures  wei'e  laid 
away  and  almost  forgotten,  until  interest  in  this  subject  was  stimidated  by  a  favor- 
ing occuri-ence.  In  1883,  Prof.  A.  Safai-ik  of  Prague,  called  the  attention  of 
as'tronomers  to  the  unusually  favorable  opportunity  for  investigating  the  figure  of 
Uranus,  arising  from  his  position  in  his  orbit,  near  the  ascending  node  of  the  orbit 
plane  of  his  satellites  (^.  A\,  250o).  The  plane  of  the  orbits  of  the  satellites 
being  nearly'  perpendicular  to  the  ecliptic,  according  to  analogy,  it  is  presumable 
that  the  planet's  equator  is  in  the  same  plane,  and  that  on  the  earth,  we  may  then 
see  the  jirofile  of  its  ellipsoid,  in  its  true  position,  relatively  to  the  axis  of  rotation. 
In  his  i^ajier  (translated  in  Observatory,  ^o.  74) ,  Prof  Safarik  cites  the  testimony 
of  Sir  "William  Herschel,  that  Uranus  appeared  round  in  1782,  and  strikingly 
elliptical  in  1792-94;  of  Madler,  whose  ineasures  with  the  Dorpat  refractor  in 
1842-43  gave  for  the  compression  ro  and  n-;  of  Vogel,  who  in  1871  saw  the 
planet  perfectly  round,  and  of  I'l-of.  Xewcomb,  who  in  1874-5  took  no  account 
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of  its  ellipticity.  lie  also  five's  a  miinl)i'r  of  instaiu-es,  in  which  he  himself  had 
examined  the  planet,  extending-  from  1877  to  ISSli,  and  in  every  instance  it 
appeared  striking'ly  elliptical  —  more  decidedly  so  than  either  Jupiter  or  Saturn. 

So  far  as  I  knoAV,  the  only  astronomers  who  have  fnrnished  measnres  of 
Uratiiis  in  accordance  ■with  the  sngiicstion  of  Prof.  Safarik,  are  Prof.  G.  V. 
Schiaiiarelli  of  the  Koyal  ()l)servatory,  Milan  {A.X.,  2526),  and  (A.JV.,  2G08)  ; 
Dr.  M.  AVilhelm  [Meyer,  of  the  Observatory  at  Geneva  (A.  N.,  2524);  Dr.  E. 
Millosevich,  of  the  Koyal  Observatory  at  Kome  (A.JSr.,  2528),  and  Prof  C.  A. 
Young,  of  the  College  of  New  Jersey,  Princeton  (^l.iV^,  2545).  The  work  of 
Prof.  Schiaparelli  was  done  in  Italian  skies,  Avith  a  very  tine  refractor  of  8  inches 
aperture;  that  of  Dr.  Meyer,  Avith  a  refractor  of  10  inches  aperture;  that  of  Dr. 
Millosevich,  with  a  refractor  whose  aperture  is  9  inches,  and  that  of  Prof.  Young, 
with  the  great  refi'actor  of  the  Halstead  Obsei'vatory,  whose  objective  is  23 
inches  in  diameter.  Besides  the  observations  of  the  distinguished  astronomers 
just  mentioned,  a  very  careful  series  of  measui'cs  was  made  in  1884,  by  Prof. 
Seeliger,  with  the  10^-inch  refractor  and  Kei^sold  micrometer  of  the  Munich 
Observatory.  His  observations  involve  a  method  hitherto  little  used  in  microme- 
ter measures.  In  order  to  eliminate  the  eftect  of  systematic  errors  deijending  on 
direction,  he  placed  a  reflecting  rectangular  prism  between  the  eye-piece  and  the 
eye.  This  prism  was  capable  of  rotation  round  the  optical  axis  of  the  telescope, 
so  that  the  micrometer  threads  might  appear  to  be  ])laced  in  any  desired  direction. 
His  measures  Avere  made  in  four  different  directions,  and  he  reaches  the  conclusion 
that  the  disc  of  the  planet  is  a  perfect  circle. 

The  measures  of  Prof.  Schiapai-elli  include  n(it  only  the  diameters  of  the  disc, 
but  also  the  position  angles  of  the  major  axis  of  the  apparent  ellipsoid,  and  of  the 
apparent  orbits  of  the  satellites.  His  first  series  of  measures,  made  in  1883,  gave 
these  angles  197°.3  and  195° .3,  respectively;  AA'hile  the  second  series,  in  1884,  gave 
them  197°.3  and  195^.5.  The  correspondence  of  these  angles  in  the  two  series  is 
i-emarkable,  and  tends  to  shoAv  that  the  assumed  coincidence  of  the  orbit  plane  of 
the  satellites  Avith  the  equatorial  plane  of  the  planet  is  justified.  The  observations 
of  the  first  series  extend  from  April  12  to  June  7,  and  aflbrd  tAventy-five  inde- 
pendent determinations  of  the  compression.  The  observations  of  the  second  series 
extend  from  March  28  to  June  4,  and  afford  eighteen  independent  determinations. 
In  the  second  series  an  effort  Avas  made  to  avoid  systematic  error,  by  keeping  the 
line  joining  the  eyes  either  parallel  or  perpendicular  to  the  equatorial  diameter. 
The  effort  Avas  in  part  fi-ustrated  by  unfavorable  Aveather.  Dr.  Meyer  measured  the 
diameter  in  the  direction  of  the  parallel  on  nine  evenings,  between  February  14  and 
April  12,  taking  tAventy  measures  on  each  occasion ;  also,  in  a  direction  perpen- 
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dicnlar  to  tliis,  or  in  tliat  oCa  circle  of  ck'clinatioii  on  six  cvcning-s,  between  March 
11  and  April  12.  The  measures  of  Dr.  ]Millosevich,  in  1883,  Avero  made  on  eight 
evenings,  and  with  one  exception,  always  in  the  dii-ection  of  a  declination  circle,  or 
of  position  angle  zero.  The  observations  extend  from  April  IG  to  May  11.  The 
measures  of  Prof.  Young  extend  from  ^Slay  18  to  June  19,  and  were  inade  on  eight 
nights,  giving  fourteen  independent  determinations  of  equatoi-ial  and  polar  diame- 
ters. For  the  sake  of  ready  comparison  the  results  of  all  these  measures  are 
given  in  the  subjoined  tal)le.  All  the  measures  have  l)een  reduced  to  the  distance 
19.1826,  of  Avhich  the  common  loii-arithm  is  1.28291. 


RKSULTS    OF  THE   MEASURES. 


1883 

1884 

1883 
1883 
1886 
1883 
1884 


Seliiaparelli 

Schiapaielli 

Meyer 

Millosevich 

MillosevicU 

Young 

Seeliser 


3.911±0.020      3.55o±0.024 


3.898  ±0.020      3. GOO  ±0.024 


3.989  ±0.025 

3.638 

3.638 

4.280  ±0.022 

3.91o±0.045 


4.015±0.044 

3.64.5 

3.648 

3.974±0.030 

3.915±0.045 


Polar  diam.  onlv  mt-asurod  May 
Meas.  incan  •=-  .r'.fM2. 
Acadcniia  dei  Lincei,  Serie 
"  XIX 
Neglecting  compressioD,  4".127. 
Akad.  d.  Wins.,  1884.    Hetl  2. 


Neglecting  compres.sion,  the  general  mean  of  all  these  measures  is  3". 885. 


I  regret  very  much  that  I  was  unable  to  make  any  measures  in  1883—4.  It  is 
scarcely  permissible  to  compare  my  own  measures  made  in  1877,  with  those  made 
by  skillful  observers,  and  under  the  most  favoi-able  conditions.  It  moreover  tends 
to  lessen  the  weight  of  these  measures,  that  it  was  my  first  work  on  a  planetary 
disc. 

Thinking  that  my  results  may  not  be  entirely  useless,  I  have  revised  the  work 
of  eight  years  ago,  and  i-educed  the  measures  to  the  distance  of  the  i)i-evious  table, 
19.182G.  The  earlier  measures  were  made  with  the  planet  east  of  meridian,  the 
larger  numljer  when  it  was  very  near  the  meridian,  and  the  later  ones  when  it 
was  west  of  the  meridian.  When  these  measures  were  made,  I  was  exceedingly 
reluctant  to  admit  that  Uranas  had  any  ai^preciable  compression.  To  me  it  always 
seemed  a  perfectly  round  disc.  Yet,  in  1877,  Prof.  Safarik  says  of  the  disc, 
"certainly  elliptical";  and  in  1879,  "decidedly  elliptical."     In  the  case  of  Jupiter 
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and  Satunt,  I  recognize  the  compression  as  soon  as  I  glance  at  the  image  in  the 
field  of  the  telescope.  Perhaps  mv  failure  to  detect  the  compression  of  Uranus  is 
due  to  the  general  eftect  on  the  eye  jJi-oduced  by  its  greatly  reduced  size,  com])ai-ed 
with  Jupiter  and  Saturn.  Taking  all  my  measures  into  the  account,  there  appears 
a  compression,  nearly  the  same  as  that  foiuul  by  Schiaparelli.  If  I  ni'glect  the  four 
extreme  measures,  the  compression  is  reduced  to -4-;-.  I  must  confess  that  I  can 
have  little  confidence  in  so  large  a  value  of  the  compression;  and  for  several 
reasons  —  1.  I  have  never  seen  the  planet  jjresent  any  other  outline  than  that  of  a 
perfect  circle.  2.  Difference  of  one  oi-  two-tenths  of  a  second  of  arc  are  very 
likely  to  occur  in  the  mean  of  different  series  of  micrometer  measures;  and  even 
so  small  a  diftei-ence  is  a  very  large  per  cent,  of  the  semi-major  axis  of  the  disc. 
3.  Add  to  this  the  consideration  that  some  of  the  most  carefully  conducted 
measures  show   a   compressicm  so  small   as  to  be  practically  inap])i'ecia])le. 
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Date-. 

P-^O'.  Dir.  of  Dccl.  Circle. 

No.  Olis. 

/•-SO",  Dir 

of  Parallel. 

No.  Oljs, 

True  Distance. 

Diam.  Meas. 

Diani.  Redu. 

Diam.  ^re.as. 

Diam.  Rcdu. 

1877.  Feb. 

6 

s 

4.610 

4.040 

4.176 
3.660 

4 

4.197 

3.802 

3 

1.24004 

1.23999 
1.23996 

1877.  Mar 

:) 

4.364 

3.967 

5 

1.24148 

u 

5 
9 

4.490 
3.960 

4.084 
3.600 

11 

6 

1.24179 
1.24250 

" 

13 

4.267 

3.895 

7 

4.274 

3.901 

6 

1.24332 

" 

14 

4.640 

4.236 

7 

4.370 

3.990 

6 

1.24343 

1877.  Apr. 

13 

4.410 

4.111 

8 

4.580 

4.269 

6 

1.25242 

" 

20 

4.110 

3.854 

5 

3.840 

3.601 

5 

1.25502 

■' 

22 

4.490 

4.218 

7 

3.940 

3.701 

7 

1.25577 

1877,  May 

5 
8 

4.190 
4.370 

3.982 
4.165 

6 
1 

4.030 

3.831 

5 

1.26086 
1.26205 

" 

9 

3.9.50 

3.768 

0 

3.750 

3.579 

5 

1.26245 

" 

20 

4.420 

4.258 

5 

4.380 

4.221 

5 

1.26676 

1879,  May 
Means 

17 

4.480 

4.253 

3 

1.26030 

4.048 

3.S.S0 

Equatorial  Diameter,  4".048  ±  0".036 

Kesultin<r  Compression, 


Polar  Diameter,  3".880  ±  0.044 

1 

12.04 


Neglecting  the  compression,  the  general  mean  is  IJ".964,  which  differs  only 
0".049,  from  the  general  mean  of  Prof.  Seeliger. 
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OliSEUVATIOXS    OF    COMI-Vl'S. 

For  several  years  af'tei'  oui'  woi'k  began,  Ave  Avere  i)reeliide(l  I'rom  active 
participation  in  the  oljservations  of  comets,  lioth  by  press  of  otlier  Avork,  and 
failure  to  reeeiA'a  astronomical  telegrams  announcing  discoAT»ry.  Under  the 
ciphei-  system  of  sending  the  announcing  telegrams,  inaugurated  se\'eral  years 
ago  by  the  Science  Obse7-ve);  astronomical  discoveries  from  all  parts  of  the 
Avorld  are  noAv  promptly  received,  and  Avork  can  begin  at  once.  The  center  of 
distribution  for  the  United  States  is  the  Obscrvatoiy  of  Harvard  College,  Cam- 
l)ridge,  Mass.;  and  telegrams  go  out  under  the  direction  of  Prof.  EdAA'ard  C 
Pickci-ing,  Director.  On  the  continent  of  Europe,  the  center  of  distribution  is 
the  Royal  Obsei'vator}-  at  Kiel,  and  the  messages  go  under  the  direction  of  Dr. 
Prof.  Kriiger,  Director,  and  Editor  of  the  Asfronomiftche  JSfachriclden.  For  the 
British  Isles,  the  center  of  distribution  is  the  Observatory^  of  Lord  CraAA^ford, 
Dun  Echt,  Aberdeen,  Scotland. 

The  observations  on  comets,  made  at  this  Observatory  diiring  the  years 
1880-81,  Avere  chiefly  by  Prof.  H.  S.  Pritchett.  On  account  of  his  removal  to 
St.  Louis,  in  the  autumn  of  1881,  some  of  these  observations  are  yet  unreduced; 
and  hence  fcAv  of  them  have  been  published.  The  observations  of  later  comets 
have  all  been  made  by  the  Director,  and  have  been  promptly  published.  We  can 
not  afford  the  room  in  this  volume  for  the  publication  of  these  observations  and 
reductions,  in  detail,  although  thay  iuA'olve  an  immense  amount  of  Avork.  All  Ave 
can  do  here  is  to  recall  the  successiA'e  comets,  and  give  a  fcAV  notes  concerning 
them. 

1880^  Comet  Hartiriij  {l''^SOd).  Xo  telegiapliic  auuoiincenient  was  ever  receivfd.  and  only  a 
few  observations  in  its  later  stage  of  visibility  were  made.  These  were  published  in  Astronomische 
Nachrichten,  No.  2361.  H.  S.  P.  observer.  AVhen  observed  here,  the  comet  was  a  faint  diffused 
mass. 

1880,  Comet  Swijl  {1880  e).  This  comet  was  observed  from  Novemlier  1  to  December  9. 
H.  S.  P.  observer.  While  the  comet  was  always  faint,  it  had  a  marked  central  condensation.  The 
reductions  are  yet  unfinished,  and  hence  the  observations  have  remained  unpublished. 

1880,  Comet  Pechule  {1880 f).  No  announcement  of  discovery  was  received.  The  comet  was 
bright  and  easy  to  obserA'e.     Observations  made  late,  and  yet  unpublished. 

1881,  Comet  Henry  {1881  h).  This  comet  possesses  a  remarkable  interest,  on  account  of  the 
astonishing  changes  in  its  nucleus  between  June  26  and  June  28.  A  sketch  of  the  nucleus  and  its 
environment  is   given    for   June  26,  and  I  transcribe  a  passage    from   the  note  book  for  that  date. 

NoTK.  —  "The  nucleus  is  very  sharp  and  star-like  —  in  front  of  the  nucleus  the  rings  or  envelopes 
are  very  marked,  and  beyond  the  envelopes  there  is  a  very  extensive  and  symmetrical  nebulous 
disposition  of  matter.  The  rear  of  the  nucleus  is  distinguished  by  a  very  dark  void  space,  extend- 
ing back  some  distance  along  the  axis  of  the  tail.  The  tail  could  be  distinctly  traced  by  the  naked 
eye  10°  or  12°." 
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Ou  June  2.S,  the  api)e:irauce  of  the  nucleus  is  represented  in  sketdi  No.  2.  The  change 
is  very  marked  and  surprising.  Instead  of  a  star-like  nucleus  witli  two  syninietrical  arches  or 
envelopes,  there  appears  an  unsyninielrical  diffusion,  as  of  gas  or  stoani  filling  the  si)aces  between 
the  rings,  and  having  a  curving  jet  very  prominent  on  tlie  left,  ^■ery  few  ol)scrvations  were  made 
of  this  comet,  and  none  of  them  liave  been  nduecd  or  pulilislied. 

ISSl,  Comet  Schaeberle  (ISSJ  c).  This  fine  telescopic  comet  was  observed  from  .Fuly  18  to 
September  10.  T  transcribe  a  note  from  the  books  for  August  24.  The  observations  were  made 
«n  part  by  myself,  but  mostly  by  II.  S.  P. 

Note.  —  August  24.  "Nucleus  very  sharp  and  star-like.  The  tail  extends  about  5°,  and  is 
divided  into  three  fan-like  segments,  parted  by  dark  spaces.  The  cometic  matter  of  same  con- 
sistency as  tail,  is  very  slightly  projected  in  front  of  nucleus.  No  rings  or  envelopes.  A  fine 
appearance  in  telescope,  and  very  easy  to  observe." 

As  yet  the  observations  have  not  been  fully  reduced,  and  tiierefore  are  unpublished. 

1851,  Comet  Encke.     One  observation,  September  20. 

1852,  Comet  Wells  {18S2a).  The  observations  extend  from  March  31  to  I\Iay  21,  and  are 
})ublished  in  Afttronomische  XacJirichten,  No.  2481.  This  comet  at  perihelion  was  very  near  the 
«un,  and  from  theoretical  considerations  should  have  made  a  fine  appearance  to  the  naked  eye ; 
but  from  some  cause  it  was  scarcely  visible  at  all  to  unassisted  vision. 

1S82,  Comet  Barnard  (lS82c).  Observations  extend  from  September  22  to  October  14.  The 
comet  was  considerably  diffused,  faint,  and  of  rapid  motion  southward.  Observations  published  in 
Astronomisvhe  Xachrichten,  No.  2499. 

1882,  Comet  Cnds  {1882  b).  Observations  on  this  comet  began  in  September,  and  were 
continued  till  March  and  April,  and  even  till  May  8.  At  this  Observatory,  the  first  observation 
was  October  3,  and  the  last  February  3.  It  ranks  among  the  great  comets  of  the  century,  like 
Donati's  comet  (1858),  the  comet  of  1843,  and  that  of  1811.  During  the  whole  month  of  October 
it  presented  a  magnificent  spectacle  in  the  moruiug  sky.  Two  marked  peculiarities  distinguished  it 
from  other  large  comets  —  one  the  abrupt  and  forked  termination  of  the  tail,  resembling  the  pos- 
terior fin  of  a  fish ;  and  the  other  its  anomalous  nucleus.  The  comet  was  detected  by  the  naked 
eye,  by  M.  Cruls  of  the  Imperial  Observatory,  Rio  Janeiro,  September  11.  But  it  had  been 
detected  September  8  by  Mr.  Finlay,  first  assistant  of  the  Observatory  at  the  Cape  of  Good  Hope, 
and  by  Mr.  EUery,  at  Melbourne,  September  7.  It  passed  its  perihelion  September  17,  and  really 
passed  in  transit  between  the  earth  and  sun.  At  the  Cape  it  was  fallowed  up  to  the  sun's  limb, 
where  it  suddenly  disappeared,  at  4''  .50"'  ,'>8',  Cape  M.T.,  thus  showing,  that  bright  as  its  train 
appeared  in  open  daylight,  the  matter  of  the  nucleus  was  not  sufficiently  aggregated  to  cause  it  to 
appear  as  a  spot  bright  or  dark  while  in  transit  across  the  sun's  disc.  That  it  passed  through 
the  solar  corona,  is  well  nigh  certain. 

The  observatioii.s  mado  here  are  published  in  Astronomische  Nachricliten, 
No.  2518.  On  the  physical  apiiearance  the  following  notes  are  taken  from  the 
hooks : — 

September  24.  At  17*,  the  nucleus  was  observed  when  about  10°  above  horizon.  The  comet 
has  no  envelopes  or  rings  preceding  the  nucleus,  and  the  coma  is   not   protruded  or  diffused  as  in 
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many  eoiucts.     The  uucleus  is  very  rouiul  ami  iilaiict-like.     In  size  it  is  a  little  larger  than   Urdtins. 
A  dark  stripe  iu  center  of  tail  is  very  distinct.     Sketch  No.  1   shows    its  appearance  at  this  time. 

September  25.  The  nucleus  and  environment  again  sketched,  at  17*  l^V".  The  nucleus  still 
round,  but  apparently  larger  and  less  sharp  than  on  September  24. 

October  I .  The  comet  was  sketched  as  shown  in  No.  2.  Tiic  nucleus  elongated  in  the  direction 
of  the  axis.     Shape  of  nucleus  almost  cylindrical.     Two  bright  points  in  the  elongated  cylinder. 

October  4.  The  nucleus  was  observed  to  be  still  further  elongated,  and  there  are  three  points 
much  brighter  than  others.  It  resembles  a  long  loose  filament  with  three  distinct  knots.  The 
bright  points  appear  on  the  same  line,  as  so  many  bright  knots  connected  by  a  nebulous  ligament. 
They  are  not  distinctly  separated.  Sketch  No.  3  represents  the  head  of  the  comet,  as  seen  in  the 
telescope. 

October  .5.  The  nucleus  is  indeed  a  mystery.  The  elongation  still  increases.  The  three 
centers  of  light  are  situated  in  a  line  extending  tlirougli  the  axis  of  tlie  tail.  In  comparing  with 
stars  on  micrometer,  used  the  middle  jioint.  The  observations  made  in  twilight  without  artificial 
illumination  of  threads. 

October  19.  Sketch  No.  4  presents  a  naked  eve  view  of  the  comet  as  seen  at  1G''30"',  L.M.T. 
It  would  seem  as  if  the  divisions  of  tiie  tail  were  situated  in  different  planes,  and  paitially  over- 
lapped, as  seen  from  tlie  earth. 

November  13.     Several  bright   points   are   still    recognized  in   tlie  apparent  nucleus.  They  are 

not  seen  constantly,  but  appear  as  glittering  points  iu  a  cloud  of  white  dust.     As  it  is  difficult  to 

keep  the  track  of  them  while    passing   through  the  field  with   slightly  illuminated  wires,  the  obser- 
vations must  suffer  iu  precision.     The  nucleus  still  appears  needle-like  in  shape. 

18S3,  January  1.  In  the  absence  of  the  moon,  the  tail  of  the  comet  is  still  quite  plain  to- 
the  naked  eye,  while  the  nucleus  is  not  distinguishable  from  the  tail.  In  the  telescope  the  apparent 
uucleus  still  preserves  the  elongated,  needle-like  shape,  with  several  points  of  faint  condensation, 
which  are  exceedingly  difficult  to  follow  under  any  artificial  illumination. 

January  13.  When  the  comet  crossed  the  meridian  the  tail  was  almost  vertical.  The  star, 
o'  Cania  Majoris,  was  situated  directly  iu  the  tail,  which  extended  up  under  the  bright  star,  y  Canis 
Majoris,  on  the  margin  of  the  milky  way.  The  comet  is  changing  declination  very  slowly,  and 
this  together  with  the  indefinite  and  elongated  nucleus,  tends  to  make  tiie  micrometer  readings 
somewhat  contradictory. 

January  28.  The  nucleus  still  greatly  elongated;  but  the  filamentous  or  horse-tail  appearance 
has  much  faded  out.     The  points  of  condensation  still  appear  as  white  points  in  a  cloud  of  dust. 

In  the  Astronomische  XachricJiten,  No.  2499,  the  late  Dr.  .Julius  Schmidt,  of  Athens,  gives  a 
description  and  sketch  of  the  apparent  nucleus  of  this  comet,  as  seen  by  him  October  3.  Under  a 
high  power,  and  after  repeated  effort,  he  was  sure  that  he  detected  the  true  nucleus  at  the  end  of 
the  elongation  most  distant  from  the  sun.  He  saw  it  on  that  night  only,  and  failed  entirely,  even 
under  favorable  conditions,  to  see  it  afterward.  With  low  powers  he  thought  that  the  brightest 
part  of  the  elongation,  or  fan,  was  next  the  suu,  and  that  this  part  would  be  fixed  on  for  com- 
parison with  stars.  If  his  view  is  correct,  then  nearly  all  the  observations  on  this  comet  give  the 
places  not  of  the  uucleus,  but  of  a  point  in  the  projection  or  fan.     Comparing  my  sketch  of  October 
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1  with  thrtt  of  Sc'bmiilt  for  Oetolior  ."),  the  jioiieial  simihuity  of  the  eloiiaation  is  mauifest ;  but  I 
saw  uo  reasou,  wbalevei-,  to  conehi(h>  that  the  western  end  of  the'  eh)ngation  was  any  more  the 
nucleus  tbau  the  eastern  end.     I  used  a  power  of  17"),  and  the  full  aiiertnre  of  the  instrument. 

1SS3,  Comet  Swift-Brooks'  (I SSo  n) .  Observations  extend  from  Feb.  '2G  to  Ai)ril  9,  and  are 
published  in  Aslro)>omiscln'  XiK-hfichtoi,  No.  ■2.)\'i.  The  eomet  was  sullieiently  bright  to  observe 
in  strong  moonlight,  and  had  central  condensation. 

1SS3,  I'onx-Brooks  {18S3b).  Observations  extend  from  September  24  to  February  1,  and  are 
published  in  Astro)iomische  Nachrivhten ,  No.  '2MI  ;  also  comparison  with  eiiliemeris  of  Scbulhof 
.and  Bossert,  AxtronomiitrJie  Nachrichleu,  Nos.  ■2r)4G-"2558-'25r)9.  Return  of  comet  Pons  of  1812. 
This  comet  was  visible  to  the  naked  eye  as  a  liaze-euveloi)ed  star. 

18S4,  Comet  Barnard  (1884).  Observations  extend  from  July  26  to  October  18.  Published 
in  Astronomhche  yachrichteit,  No.  2641.     Comet  diffused,  and  had  numerous  points  of  brightness. 

1884,  Comet  Wolf  (1884).  Observed  from  September  24  to  March  19.  Published  in  Astro- 
nomische  Nachrichten,  No.  2664.     Bright  telesco[)ic  comet,  and  easy  of  observation. 

ljS85,  Comet  Barnard  (1863  c).  Observations  extend  from  July  13  to  August  10.  Published 
in  Astronomische  Xachrichten,  No.  2690.     Generally  faint  and  difficult. 

1885,  Comet  (Faliry).  Observations  from  December  23  to  January  6.  Quite  easy  to  observe; 
but  the  weather  sadly  interfered  with  the  observations.     Observations  ready  for  publication. 

1886,  Comet  Barnard.  Comet  quite  faint,  but  easy  to  observe  in  the  absence  of  the  moon. 
Observations  few  in  number,  on  account  of  bad  weather.     Observations  ready  for  publication. 


EQUATOKIAL   CONSTANTS. 

When  our  equatorial  was  mounted  in  1875,  the  iisual  cautions  were  observed 
to  secure  a  proper  elevation  of  the  polar  axis,  and  to  place  it  in  the  plane  of  the 
meridian.  After  using  tlie  instrument  nearly  two  years,  several  series  of  obser- 
vations were  made  on  stars  when  near  the  meridian,  in  order  to  determine  the 
co-ordinates  of  the  instrumental  pole.  Denoting  the  angular  distances  of  the  pole 
of  the  instrument,  from  the  six-hour  circle,  and  from  the  meridian,  respectively, 
by  f  and  r^  we  have  ?  =  ^  cos.  //,  r^  =  r  •■*'"■  -'',  where  -/  and  .?  are  the  angular  distance 
and  hour  angle  of  the  instrumental  pole,  relatively  to  the  true  pole  and  the 
meridian.  As  shoAvn  in  Avorks  on  practical  astronomy,  the  equations  resulting 
from  the  observations  not  only  suffice  to  determine  f  and  r,,  and  thence  r  and  .9, 
but  in  addition,  what  arc  called  the  constants  of  the  instrument,  denoted  by 
c,90  —  /, ''.  £,  J/ and  J'/,  and  meaning  in  order,  the  collimation  error,  the  angle  between 
the  ])olar  and  declination  a.\es,  the  flexiu'c-coefficients  of  the  tube  and  the  decli- 
nation axle,  and  the  index-errors  of  the  hour  and  'declination  circles.  As  we  rarely 
u.se  an  equatorial  to  determine  absolute   hoiii-  angles  and  declinations,  but   only 
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to  nioasiiro  small  clinV'reiices  in  rij^-ht  ascension  and  declination,  or  to  nieasnre 
the  position  angle  and  distance  of  two  stars  near  together;  and  further,  since  the 
weight  of  a  large  equatorial,  and  the  excessive  changes  of  temperature  to  Avhich 
it  is  subject,  are  constantly  altering  its  errors,  it  seems  of  little  use  to  determine 
them.  The  values,  however,  of  ;-,  ,'/,  /  and  r-,  fi'om  the  sti'ucture  of  the  instru- 
ment, have  more  permanency  than  the  rest,  and  their  detei-mination  not  onl}^  pos- 
sesses a  theoretical,  but  also  a  practical  interest. 

In  the  following  sei'ies  the  bisections  and  transits  were  obsei'ved  by  myself, 
and  the  times  were  noted  and  the  circles  read  by  Heniy  S.  Pritchett.  AVhile 
the  number  of  observations  is  too  small  to  furnish  a  consistent  mean  value  for 
the  co-ordinates  y  and  .7,  still  the  work  done  may  serve  to  show  approximately 
the  errors  of  the  equatorial  moiniting. 


OBSKKVATIONS   FOR   DETERMINING   f   AND   e. 

These  observations  were  made  very  near  the  meridian,  so  that  the  first  obser- 
vation ahvays  denotes  the  mean  declination  reading  before  culmination,  and  the 
second  the  same  quantity  after  culmination  and  the  reversal  of  the  instrmiient 
{ChaaveneVs  Spliev.  Ast.,  Vol.  II.,  Art.  252).  For  stars  below  the  pole,  the  sup- 
plement of  5  is  used.     The  readings  of  both  verniers  are  given. 


FIRST   SERIES. 


D:ite. 

star. 

Circ.  Free. 

Circ.  Foil. 

App.  Inst.  Dec. 

M.  Ref. 

Cor.  Inst.  Dec. 

6 

D-d 

„ 
—90.8 

<>i  —  6 

Nov.  2 

a  Cassi. 

34  12  15 
214  11  45 

145  52  30 
325  53  30 

55  50  30       +17.3 

55  52  18.1 

bb 

52  U.\ 

—16  38  32.5 

2 

£  Pisci. 

82  49  30 
262  49  00 

97  15  00 
277  16  00 

7  13    7.5 

—36.4 

7  12  31.1 

7 

14    7.9 

—96.8 

31  59  37.7 

2 

Pol.  u.c. 

■ 

1  25  30 
181  24  45 

178  39  15 
358  40    0 

88  37  15.0 

67.9 

88  38  23.0 

88 

39  41.5 

—78.5 

—49  25  55.9 

2 

0  Pisci. 

81  30  45 
261  30  30 

98  33  30 
278  34  30 

8  31  48.75 

—34.4 

8  31  14.3 

8 

32  45.3 

—91.0 

30  41    0.3 

2 

u  Arietis 

67  11  GO 
247  10  00 

112  54  00 
292  55  00 

22  52  00 

—17.0 

22  51  43.0 

22 

53  17.0—94.0 

16  20  28.6 

2 

(  Cassi. 

23  13  15 
203  12  15 

156  51  15 
336  52  15 

66  49  30 

30.5 

66  50    0.5 

66 

51  17.0 

—76.5 

—27  37  31.4 

2 

a  Persei 

40  39  00 

320  38  00 

139  26  15 

319  27    0 

49  24    3.75 

10.4 

49  24  14.0 

49 

25  39.0 

—85.0 

—10  11  53.4 

KM) 
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SECOND  SERIES. 


1>;.U'.                  Star. 

Viiv.  IT,-,-. 

Cin-.Foll. 

App.  liist.  Dec. 

M.  Rcf. 

D 
Cor.  Inst.  Dec. 

,) 

/'-<i 

ip  —  d 

IS77. 

Nov  23 

yPegasi 

75  33  00 
255  32  15 

104  31  00 
284  32  00 

U  29  26  "2 

— 26'.'8 

14  28  59.40 

14  30  29.2 

— 89"8 

24  43  17.0 

23 

aCassi. 

34  12  00 
214  11  15 

145  52  15 
325  53  15 

55  50  3.!. 75 

17.3 

55  50  51.00 

55  52  22.7 

—91.7 

—16  38  37.0 

23 

Gr.4163 

16  20  15 
196  19  15 

163  43  30 
343  44  30 

7:5  42    7.5 

40.0 

7.T  42  4  7.5 

72  44  12.3 

—84.8 

—34  30  26.0 

23 

(J  Ceti. 

108  41  45 
288  40  45 

71  22  45 
251  23  45 

— 1«  o9    D.O 

—92.5 

—  IS  40  .12.5 

—  IS  39  22.5—70.0 

57  53    S.O 

23 

£  Pisci. 

82  48  15 
262  47  30 

97  14  45 
279  15  45 

7  13  41.25 

—36.4 

7  13    4.8 

7  14     7.5—62.7 

31  59  39.0 

23 

«Arietis 

67    9  30 
247  10  30 

112  54  00 
294  54  45 

22  52  11.25 

—17.0 

22  51  54.2 

22  53  18.3—84.1 

16  20  28.0 

23 

«  Cassi. 

23  12  45 
203  12  00 

156  50  45 
336  51  45 

no  49  2fi.25 

30.5 

66  49  56.7 

66  51  23.6—86.9 

i 

—27  37    8 

23 

(J  U.Min. 
s.p. 

164  45  00 
344  15  00 

15  19  45 
195  19  00 

105  17  11.25 

2  10.2 

105  19  21.4 

105  20  59.3—97.9 

—66     7  13 

The  type  lonii  of  the  equation.s  of  ooiidition.s  formed  from  the  quantities  thu.s 
derived  from  observation  is,  r  +  p  .s/u  (</;  —  8)  =  D—^^.  The  value  of  tlie  hititude, 
=  4,  =  3ii°  13'45".6. 


EQUATIOX.S    OF    CONDITION,    .-    .\NI) 


FIRST    SERIES. 


«  Cassiopaeiffi 

£  —  0.286  e  + 90.8  =  0 

e  Piscium 

?  + 0.530  e  +  96.8  =  0 

«  U.  Mill.  u.c. 

?  — 0.760  e  +  78.5  =  0 

0  Piscium 

?  + 0.510  e+  91.0  =  0 

rt  Arietis 

?  + 0.281  e  +  94.0  =  0 

1  Cassiopaeiie 

5-0.464  e+  76.5  =  0 

a  Persci 

,-  —  0.177  e  +  85.0  =  0 

SECOND    SERIES. 


y  Pegasi 

--_)_  0.418  e  + 89.8  =  0 

a  Cassiopaeire 

--—0.256  e  +  91.7  =  0 

Groomb.  4163 

r_  0.566  e  +  84.8  =  0 

p  Ceti 

--\-  0.847  e  -j-  70.0  =  0 

r  Pisc-inin 

r_|.  0.530  e  +  62.7  =  0 

('.  Aiic'tis 

-+  0.281  e  +  84.1  =  0 

/    t'assio|iaei;v> 

=  _(_  0.464  e  + 86.9  =  0 

,-;  r.  .Mill.  s.p. 

-_  o.!tU  ('  +  97.9  =  0 

RESULTING   NORMALS. 


7  ,-  —  0.366  e  +    612.6  =  0 
0.366  c  -f  1.526  e  —  12.042  =  0 


Whence, 


e  =  —  13".265  with  the  weight  1.507 
^  =  —  88". 208  with  the  weight  6.913 


Probable  error  of  e 
Probable  error  of  S  : 


±  2"..397 
±  1".119 


RESULTING    NORMALS. 

8--  — 0.124  e+    667.9  =  0 
—  0.124  ,-  +  2.688  e  —  47.586  =  0 

AVhence,        ''  =      13".863  with  the  weight  2.688 
,-  =  — 83".272  with  the  weight  8.000 

Probable  error  of  e  =  ±  3  ".4 
Probalile  error  of  4^  =  ±  "-"-Ol 
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OliSKKVATKlXS    FOi;    DKTKK.MIMNC    r,.    AND    c    AM)    /. 

The  auxiliary  quantitv  i  is  louiul  l)y  coinpai-iiiii-  llic  iiistiiimciil.il  liour  anulcs 
of  two  stars  of  -widely  ditic'i'i'iit  (Icclinalion,  when  very  near  tlic  iiicridiaiu  with  the 
observed  elock  times  of  tlieir  transit  over  a  fixed  declination  tinx^ad.  'I'o  eliminate 
the  elfeets  of  error,  arising  from  the  non-adjnstment  of  the  tin-ead  to  the  optical 
axis  of  the  instrument,  the  following  nu'thod  is  pursued:  —  Aftei-  tlii'  first  transit  is 
observed,  and  time  noted  and  liour  circle  read,  the  thread  is  i-evolved  180°,  and  a 
second  ivading  made  of  the  time  and  liour  ciicle.  The  instrument  is  then  reversed, 
and  a  like  pair  of  readings  made  on  the  same  star.  Denoting  the  fii-st  and  second 
positions  of  the  thread  by  (t  and  h  I'espeetively,  we  take  tlie  mean  of  the  I'cadings 
of  ((  and  h  for  each  position  of  the  insti'ument  —  circle  ])reeeding  and  circle  follow- 
ing, and  the  mean  of  these  means,  for  the  mei-idian  transit  —  thi'  observations 
having  been  made  very  near  the  meridian,  and  (m  opposite  sides  of  it. 


015SKl!Vi:n    QUANTITIES    FOR    ',. 
FIRST    PAIR. 


IlatL- 

Mar, 

(Iwk  Thill--.                          M,:ii,>.                           ll.iindrcl.- 

.Mr;iii.. 

a              .               (5 

isrr. 

Nov.  U, 

r  C'eti 

Mcoii  of  Verniers. 

Cue.  I'rec.   , 

(2  24     8.,S())     7,_.,.,..,,,  ,.    f  23  48  4(1      | 
■(  2  27  1 0.1 .-.  )     ^  '  -  ^  -'  •'■'■^ '    1  23  51     6      j 

?i=23  49  57.5 

2  37  0.16 

2  43  25.2 

Circ.  Foil.    '^ 

(2  46  23.10)     -f^— ^**'**-^^    (24  10    S      ) 
r„  =  2  35  11.84 

«.,=:24    8  19.0 

f„=23  59     8.2 

Nov.  1.5 

4.S  Cep.  (II) 

Circ.  Foil.    I 

f  2  58  51.0(5  )     ^  _  ..    ,,    ,.  .,„   j  23  56  16.0  | 
|3     1  20.i)0  )'    ^^'-•'         "-^    (23  57  13.0) 

t,—  ->:',  56  44.5 

3    4  58.66 

77  17  10 

Cue.  Prec. 

(3  11  io.;h;|   7._.,  p  .(.4-  (24   s   2    ) 

■(3  12  41.!W)     ^1— illot>-4-    |24     '.1    0     J 

i,  =  24    8  34 

Ti=S    6    1.37 

C  =  24    2  34.2 

The  type  form  of  the  etpiatiou  for  /,  is  r,  (fu)i  d —  tan  (V)  =  T„ —  T^  —  (t„  —  /^)  —  ('«—  <«') 
SolviDg,  with  the  values  found  in  the  table  above,  r^  ^  —  9M22. 
Combining  this  value  of  r^  with  the  values  of  t  previously  found,  we  derive 

.'/  =  237°  11' 40",  and  .V  =  238°  44' 40" ;  3'  =  162".81,  and  r=  160".18. 

These  values  show  that  the  instrumental  pole  was  situated  in  the  third  quad- 
rant of  hour  angles;  or  below  the  true  pole,  and  east  of  the  meridian. 
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SECOND    PAIR. 


1>  ■' . 

>,ar. 

CliK-k  Tiims. 

Means. 

IluUlCllTll-. 

Means. 

a 

(5 

isrr. 

Dec.  7 

/  Aquarii 

MninorVcniioni. 

Circ.  Foil.  . 

(  22  3")  13?3  ) 
1  22  41  50.8  ) 

k.     m.          a. 

7^0=22  40  32.05 

j  23  54    o'.Ol  1 
1  23  56  45.0    J 

h.       m           > 

t.,=  -2:)  55  22.75 

22  46  15.15 

—  8  13  42.0 

Ciie.  Piv c.  ^ 

(  22  46  50.4  1 
1  22  49  16.0] 

Ti  =  22  48    3.2 
2;=22  44  17.62 

(  24    1  53.5    1 
\  24    4  21.5    j 

?,  =  24    3    9.00 

/„=:23  59  15.87 

Dec.  7 

/-  Cephci 

C  ue.  Free.  , 

(  23  22  41.6  •) 
\  23  25  12.9  j 

r,=  23  23  57.25 

(  23  51  .33.50  1 
\  23  53  10.50  ) 

t,z=->:i  52  22.00 

u' 
23  34  19.93 

8' 
7G    7  26.9 

Circ.  Foil.  ^ 
a 

f  23  34  42.3  ] 
I  23  37  45.9  j 

2'o=23  30  14.2 

|24    2  59.5    1 
\  24     5     4.0    J 

?,=  24    4     1.75 

r„=23  30.5.67 

C  =  23  .58  11.87 

Dec.  7 

<u  Piscium 

(THIRD  PAIR.) 

Circ.  Foil.  '^ 

j  23  45  29.2  ) 
1  23  47  56.2  j 

r:=23  46  42.7 

f  23  .J3  33.5    1 
(  23  56  13.0    j 

^,  =  23  -A  53.25 

h" 
23  53    3.38 

6  11  23.3 

Circ.  Free.  ^^ 

(  23  54  13.6  \ 
I  23  56  44.8  J 

r;'=23  55  29.20 

(24    2  27.5    1 
|24    5  11.0    j 

f;  =  -2A    3  49.25 

r,;=23  51    5.95 

<;  =  23  59  21.25 

Solving  the  type  equations,  r^  (tan  S  —  tun  8)  =z  (T,, —  7',',)  —  {f„  — 1[,)  —  (a  —  a  ) 

r,  {tan  S'—fanO")  ^{T[—Tl)—{t'^—t'i)—{a  —a)  with  the  values  above  — 

AVe  find  );  =  —  17'. 50,  and  r^  =  — 17'. 45,      mean  —  17'. 47 

Whence,      "VVe  find  ■'>  =:  251°  21' 50",      and  ■'>  =  252°  22' 20" 

"We  find  ;■  =  275".91  and  7  =  274".98 


A^Hiilt'  there  is  eon.'^ulerablc  luimeric-iil  different-e  in  tlie  values  of"  ,7  and  y  on 
the  different  dates,  the  testimony  of  the  oljservations  is  tuiifbrm,  tliat  tlie  ])ole  of 
tlie  instrument  was  below  the  pole  of  the  heavens,  and  east  of  tlie  meridian,  and 
distant  from  the  true  pole  about  three  minutes  of  are. 
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The  papers  referred  to  in  the  following  list,  have  l)ecn   piililishe'd  from  time 
to  time  b_v  those  connected  with  the  01)st'rvatory. 

[Reference  is  made  to  tlie  Astronomisrhc.  yuchrkhlfii,  h\  WkXhUqvh  A.  N. ;  MontliJ;/ Notices,  of 
the  Royal  Ast.  Society,  hy  3LN.;  Observatory  (begun  in  1878,  London),  by  Ob.;  American  Journal 
of  Science,  by  A.  J.  S. ;  Kansas  City  Review,  by  K.  C.  R.     Other  papers  and  journals  by  names.  ] 

1876-77.  September  27-January  2.  Observed  conjunctions  of  satellites  of  Saturn  with  each  other, 
and  ivith  tlie  ends  of  the  ring  and  the  edge  of  the  ball.     ^1.  X.,  2131.     C.W.  P. 

1877.  August  28-September  28.  Observations  of  satellites  of  J/rtrs.  ^l.^V.,2172.  H.  S.P.  Also 
reference  to  same,  in  Prof.  Hall's  Memoir  on  the  Orbits  of  the  Satellites  of  Mars. 

1877.  October  2-December  20.     Conjunctions  of  satellites  of  Saturn  with  each  other,  with  ends  of 

ring  and  edge  of  the  ball ;  also  measures  of  position  angle  and  distance  of  satellites  from 
center  of  planet.     A.  N.,  218t).     C.  W.  P.  and  H.  S.  P. 

1878.  ]\[easures  of  the  companions  of  Sirius.     A.  N.,  2208.     C.  W.  P. 

1877.  September  15-October  31.      Diameter  and  mass  of  Mars,  from  observations  made  at  the  oppo- 

sition of  1877,  by  C.  W.  P.     A.N.,2-232.     H.  S.P. 

1878.  August  1.5-December  6.     Conjunctions  of  the  satellites  of  Saturn  with  each  other,  and  with 

the  ends  of  the  ring  and  the  edge  of  the  ball.     A.  N.,  22G4.     C.  W.  P. 

1879.  November  27.     Method  of  observing  the  times  of  central  transit  of  the  disc,  by  the  red  spot  on 

Jupiter.     A.  X.,  2294.     C.  AV.  P. 
1879.     October  19-Xovemljer  30.     Observations  of  satellites  of  Mars,  Deimos  and  Phohos.     A.X., 

2307.     C.  W.  P. 
1879.     October  27-November  27.      Micrometer  measures  of  diameters  of  Mnrs.  made  by  C.AV.P.  ; 

reduced  by  H.  S.  P.     A.  X.,  2309.     II.  S.  P. 
1879.     September  12-Deccmber  12.     Conjunctions  of  satellites  of  .S'afuni   (observed).     A.X.,  2314. 

C.  W.  P. 
1879.     November  1-6.     Observations  of  Comet  Hartwig.     xl.A^.,  2361.     II.  S.  P. 
1882.     March  3-May  12.     Observations  of  Comet  Wells.     A.  N.,  2481.     C.  W.  P. 
1882-83.  October  3-.Ianuary  28.     Comet  1882  II.     A.X.,  2.Jl.->.     C.  VT.V. 
1881-82.  Results  of  measures  of  diameters  of  Mars.     A.  X.,  2652.     C.  W.  P. 

1882.  September  22-October  14.     Comet  1882  III.  Barnard.     A.  X.,  2499.     C.  W.  P. 

1883.  February  26-April  9.     Comet  Brooks-Swift.     .1.  A",  2.591.     C.AV.P. 

1884.  Note  on  the  latitude  of  Morrison  Ohskrvatory.     ^1.  A".,  262.j.     C.  "\V.  P. 

1884.  Comet  Baruard.     ,1.  A".,  2641.     C.W.  P. 
1884-8.3.  Comet  Wolf.     ^.  A^.,  2664.     C.  W.  P. 

1883-84.  September  24-February  1.     Comet  Pons-Brooks.     J.  A",  2591.     C.  W.  P. 

1885.  Comet  Baruard.     A.  X.,  2690.     C.  W.  P. 

1879.     Markings  on  Jupiter,  giving  first  published  account  of  red  spot,  with  a  sketch.     Ob.,  No.  21. 
1879.     Transparency  of  the  atmosphere  at  high  altitudes.     From'data  gathered  during  the  solar  eclipse 

expedition  to  the  upper  valley  of  the  Arkansas,  July,  1878.      06.,' No.  21. 
1879.     Account  of  observations  of  transit  of  Mercury,  May  6-7,  1878.      Ob.,  No.  17. 


11()  iTiu.K  ATioNs  oi-  :m()i;i;is()\   (»1!si;i:\'atoi;y. 

ISTII.     DftolnM-  ."'.ii.     Tlie  toil  spot  on  Jupiltr.     ]Jst  of  tiiiU's  wlioii  it  t'liidi'd  olisorvation.     Oli.,  No.  30. 

187'.t.     Motion  of  tlio  spots  on  Jupiter.      Oh..  No.  ;)1. 

18Si'.     OiTultation  of-/  Gviiiinonim  liy  Jupiter.      Ob..  No.  (iS. 

188.').     Note  on  rotatiou  of  astronomical  domes.      Ob..  No.  '.18. 

188:).     Tlie  red  spot  ou  Jupiter.     Ob.,  No.  lod. 

188.").     .Statements  and  restatements  conriTninir  .loviaii  niarkiiiiis.      (>//.,  No.  10.">. 

187s.      Heport  on  transit  of  Mercurii.     ('.  W.  1'.  ami  II.  S,  I'.      Appendix  II.    ]\'iishiin/to)i  Ob.serrations, 

l.sTf.. 
187.S.      Report  on  total  solar  eclipse.     C  W.  P.  and  II.  S.  P.     \o\.  II.  Wiishiiniloii  Obserration.'^,  1816. 
187'.".      t'olors  of  Murs  and  Saturii.  at  their  near  approach,  .lune  ■_':•,  187'J.     Letter  to  .Sir  Geo.  B.  Airy, 

Astronomer  Royal.     ,1/.  X..  \ol.  XXXIX. 
1879-80.   Oliservalions  of  transits  of  red   spot  across  tlic  central   meridian  of  Jupiter.       M.  X..  Vol. 

XL. 
1880-81.   Observations  of  transits  of  reel  s|)0t  across  the   central   meridian  of  .lupiter.      M.  X..  \o\. 

XLL 
1S81-82.  Transits  of  red  spot  across  central  meridian  of  Jupiter.     M.X..  Vol.  XLII. 
187'.i.     Phenomena  of  the  red  spot  on  Jupiter,  and  the  deduced  time  of  axial  rotation  of  tlie  planet, 

from  observations  made  at  the  Morrisok  Observatoi!V.  by  t'.  "W.  P.     Paper  read  before  the 

Boston  Jleeting  of  the  American  Association  for  the  Advancement  of  Science.  ISSO.     ^'ol.  I. 

Proceed!  uc/s.     H.S.P. 
1878.     Astronomical  memoranda  for  January.  1.S7S.     K.  C.  7i.     C.  W.  P. 
1878.     Notes  on  Siriufi  and  the  zodiacal  light,  March.  1.S7.S.     A'.  C.  H.     C.  W.  P. 

1878.  Oecultation  of  Venns,  1877,  December  8.     A'.  C.  II.,  February,  187.S.     t".  W.  P. 

1879.  Conjunction  of  Mar^  and  Saturu,  June  29.  187.S.     K.  C.  A'..  July.     C.  AV.  P. 

1880.  Diameters  of  .Va?>-.     7r.  T.  A'.,  1880,  May.     II.  S.  P. 

1882.     Physical  changes  on  Jupiter.     K.  C.  B.,  February.     C.  W.  P. 

1879-80.  p:phemeris  of  satellites  of  3/«/-.s.     Oi)positiou  1879-80.     A.J.S.     II.  S.  P. 

1881-82.  Ephemeris  of  satellites  of  Murtt.     ()i)iiositiou  1881-82.     Proceedings  St.  Jouis  Academy  of 

Sciences.     U.S.  P. 
1880-81.  Account  of  the  Kansas  City  time  ball.      K.C.R.     H.S.P. 
1883-84.  Criticism  of  statements  relative  to  change  of  earth's  axis.     A'.  C.  11.     II.  S.  P. 
1885.     Notes  on  certain  reputed  snu  spots  of  1864.     yr.  C.i?.,  April.     C.  W.  P. 
1879.     Observations  of  partial  oecultation  of  Yenux.     St.  Joui.f  Chri>itian  Advocate.     C.  W.P. 
1882.     Tiie  approaching  transit  of  Venus.     K.  C.  Journal. 


TIIK    XEW    STAH    IX    ANDUOMKDA.  Ill 


TIIK    NEW    STAH    IX    ANDKOMEU.V. 


1885,  Septt'iiihcT  1.  To-day,  a  tt-K'^ram  Irom  Trot".  Picki'rin<^,  announced  the 
discovery  of  a  "star-like  nueleiis"  in  the  great  nelnila  oi'  Andromeda.  At  9''.;>  the 
tele.scoi)e  was  turned  on  tlie  nejjula,  and  the  revelation  of  the  instrument  was 
indeed  startling.  A  bright  star,  estimated  to  he  of  magnitude  0.5,  shone  with 
stead}"  brightness,  near  the  center  of  the  ancient  nebida,  in  a  space  hitherto  aj^par- 
ently  luitenanted  except  by  the  nebulous  mist.  Preceding  it  about  V,  but  not 
exactly  on  the  same  parallel,  was  a  fainter  white  star  also  williin  the  nebulous 
limits.  The  J^ova  to-night  seemed  to  sliine  with  a  sharp,  steady  rav.  uttei-jy  free 
from  any  nebulous  haze. 

1885,  September  18.  The  night  was  very  tine.  Prof.  Ileniy  S.  Priteliett  of 
Washington  University  was  present.  Little  change  in  the  appearance  of  the  J^ora, 
except  that  it  is  certain!}- less  bright,  and  not  quite  so  sharp  as  on  Sejjtcmber  1. 
A  faint  star-like  point  was  detected  al)out  10"  from  the  Xova,  and  following  it 
almost  on  the  same  parallel.  The  eye-pieces  were  turned  and  changed  several 
times,  to  be  sure  of  its  o])iective  realit}'.  It  has  the  appearance  of  a  c(mipanion  to 
the  Nova,  and  in  any  other  place  Avould  be  so  considered.  I  can  see  no  good  i-eason 
for  calling  it  "a  nucleus,"  for  it  is  entirely  star-like,  and  about  as  l)right,  ajjparentl}', 
as  the  outer  satellite  of  Mars. 

1885,  October  6.  The  new  star  is  certainly  fading  fast.  The  night  tine  for 
seeing.  The  y^ova  is  perhaps  not  brighter  than  magnitude  9,  and  a])pears 
enveloped  in  a  haze.  The  star-like  point,  noted  September  13,  is  still  mon-  ])lainly 
visible  to-night,  10"  following  the  JS^ova. 

1885,  October  29.  The  JSTova  is  fading  very  fast.  Present  magnitude  10  or 
10.5.  The  seeing  A'ery  fine.  Examined  very  carefully  to-night  the  "  boiuidaries  " 
of  this  ancient  nebula.  In  a  large  instrument,  and  under  good  atmospheric  con- 
ditions, it  certainly  has  not  that  regularity  of  outline  assigned  to  it  in  many  draw- 
ings. Its  extent  is  a  surprise.  There  are  at  least  three  filamentous /branches, 
which  do  much  to  impair  its  general  sjnnmetry  of  outline.  The  faint  com[)anion  of 
the  JTova  is  still  distinctly  seen. 


THO?.   P.    NICHOLS,   PRINTER,   LYNN,  MASS. 
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